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Auxiliaries Grow Up 

WE HEAR much these days about enormous gener- 
ating units. We see all sorts of freak photographs—loco- 
motives calmly puffing their way up draft tubes of hydraulic 
turbines, automobiles running races in the furnaces of 
water-tube boilers, horses jumping through the field coils 
These are interesting and enable us to 
But what 


of generators. 
visualize the proportions of modern equipment. 
about the auxiliaries? 

Take a look at the photograph at the top of this 
column. That’s one of the circulating pumps just installed 
at the Hudson Avenue Station. How big is it? Well, 
many industrial power plants in this country couldn’t 
supply enough energy to run it. You'll find more about 
modern auxiliaries in the article, Motor Applications in 
the Boiler Room, or read the article on the Hudson Avenue 
Station. 


HOLDING the elusive B.t.u. when they cause a steam 
pipe to climb above 600 deg. F. in temperature, is like 
trying to handle molten iron in a ladle made of lead. 
Ordinary insulating material simply will not stand the 
temperature. * It shrinks, cracks, disintegrates and even 
chars. Somebody reasoned that refractory-lined ladles 
serve well in handling molten metal; why not use refrac- 
tory-lined pipe covering for these red hot steam pipes? 
The idea looked good, investigation was started, and in 
this issue, Power Plant Engineering is able to report how 
successful this arrangement has proved to be. 
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WaBASH RIVER PLANT OF THE INDIANA ELEcTRIC Corp. TRANSMITS 
ENERGY AT 132,000 v. 75 M1. to INDIANAPOLIS FOR DISTRIBUTION 





————=| OTWITHSTANDING EXTENSIVE additions 
| recently completed at many of their several 
power plants, the subsidiary utility companies 
| owned by the Central Indiana Power Co. have 
not, by this means, been able to keep pace with 


the constantly growing demands and have found it expe- 











dient to add a new super-power station to their inter- 


connected systems. 

This organization, the Central Indiana Power Co., is 
the holding company for the following utilities: The 
Northern Indiana Power Co. of Kokomo, Ind., the Mer- 
chants Heat & Light Co. of Indianapolis, the Wabash 
Valley Electric Co. of Clinton and the Indiana Electric 
Corp. which supply energy for light and power to some 125 
cities and towns in a district extending to Plymouth on 
the north, to Marion on the east, Sullivan on the south and 
to the Illinois State line on the west. The last named 
company, the Indiana Electric Corp., in addition to fur- 
nishing service to communities and individual consumers, 
operates the new Wabash River Station near Terre Haute. 

As an inspection of the map of the territory served by 
this organization will show, the plant is located on the west 
bank of the Wabash River, near Macksville, Ind., a little 
more than 7 mi. downstream from the city of Terre Haute. 
This site was selected by reason of such natural advantages 
as the adequacy of water supply for condensing purposes, 
accessibility for the delivery of coal directly from the mines 
or by rail, water or otherwise, and the location with 
reference to the market for, and the delivery of the power 
generated. The river at this point has an average mini- 
mum flow sufficient to supply the circulating water require- 
ments for three times the contemplated future capacity 
of the plant, 100,000 kw. At this site the company owns 
some 180 acres of land along the river front which has 
been devoted to power plant purposes and in addition it 
owns some 3,276 acres of good coal land immediately 
adjacent which, it is estimated, contains enough coal to 
meet the demands of the system for more than 30 yr. to 
come. 

This plant is being built in sections which will be 
added as the load may require. The present installation 
consists of two turbo-generators, four boilers and the 
necessary auxiliary equipment. No iron clad specifications 
have been laid out to provide for future installations and 
the design is such that the immediate investment includes 
but a minimum provision for the future and that will 
permit of taking advantage of any changes in power plant 





engineering and design of plant equipment which time 
may bring forth. 

The present section, which has just been finished, has 
an installed turbine capacity of 40,000 kw. divided equally 
between two units. Present tentative plans call for an 
ultimate capacity of 100,000 kw., but this may be increased 
if need be to more than 200,000 kw. 


Init1aL Layout ProvipEs For A MAXIMUM OF 
ACCESSIBILITY 

As an inspection of the plan of the station will indi- 
cate, the turbine and boiler rooms are immediately adja- 
cent and parallel with each other, the turbine room being 
nearer the river. An office bay and switch house are 
located at the downstream end of the turbine room in order 
to place the electrical switching equipment as near as 
possible to the outdoor transformer station which, as will 
be noted on the map of the site, is at the downstream end 
of the property. The arrangement as worked out here 
appears to give, for this particular case, the maximum of 
accessibility and ease of operation in connection with a 
minimum of space and cost of installation. 

The present section of the turbine room, housing two 
units, is 57 ft. wide by 153 ft. long and according to 
present plans the ultimate turbine room, to house five 
units, will be 347 ft. long. The present boiler room is 
101 by 162 ft. and the ultimate will be 101 by 316 ft. 
This together with the switch house which is 46 by 45 ft. 
and the operating rooms, 32 by 57 ft., will give for the 
ultimate station 0.59 sq. ft. of station area per kilowatt 
installed. Inasmuch as there is some provision made in 
the present section for future needs, the present ratio is 


‘ somewhat greater than this figure. 


To anybody who has followed the trend of power plant 
engineering the constant decrease in the ratio of the size 
of the station to the capacity is quite marked. Such a 
statement unsupported by any other facts might lead one 
to suppose that modern stations were exceedingly cramped 
for room. Such, however, is far from the case; the first 
impression one gets in visiting such a plant is the amazing 
size of the place. There seems to be boundless room every- 
where, all around and overhead. The firing aisle is wide 
but no wider than is necessary to accommodate the weigh 
larry; the aisle behind the boilers is also wide but only 
wide enough to replace tubes; the space around the tur- 
bines is ample but only sufficient to accommodate the 
condensers and auxiliaries below. And so it goes; there 


















z 
‘ 
2 
e 


ieee ee 


BRON fry iss 


Pesky 


a 2k grey RES OO yy Rego a 











POWER PLANT 


July 1, 1924 


is plenty of space but it all serves a definite and useful 
purpose. The reason then for this small ratio lies not in 
cramping the equipment but rather in the extreme com- 
pactness of the units themselves. 

Building foundations and substructure are of reinforced 
concrete throughout. As there is a difference of some 31 
ft. between low water and maximum flood levels, it has 
been necessary to place the condenser room floor 19 ft. 
below the extreme high water mark and to make the 
turbine room substructure in the form of a water tight 
compartment or concrete box ; the top of this compartment, 
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at the same elevation as the turbine room floor, is 7 ft. 
above the highest known flood level. 

To provide against flotation effect of the building 
during periods of high’ water, the condenser room floor, 
which is of reinforced concrete construction, has been 
anchored to the underlying rock formation by means of 
steel tie rods. The boiler room basement floor lies on the 
established grade of the property which is 2 ft. above the 
maximum flood level of record. 

The superstructure is composed entirely of steel fram- 
ing in connection with brick walls, concrete floors and 
booktile roofing supported on steel purlins. The outside 
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walls are of selected red brick with limestone trim and the 
inside turbine room walls are of ivory gray faced brick 
with a salt-glazed brick extending some 6 ft. above the 
condenser floor and 6 ft, above the turbine room plat- 
form. Red quarry tile is used exclusively on both the 
condenser floor and the turbine room platform. 

To permit of easy handling of material, a standard 
gage track setting extends across one end of the turbine 
room on which machine parts may be brought in. A 75-T., 
57-ft. span, 4-motor traveling crane with a 15-T. auxiliary 
hoist, the runway for which extends over the railroad spur, 


WABASH RIVER STATION 
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TYPICAL SECTION THROUGH BOILER AND TURBINE ROOMS 


serves both the turbine and condenser room floors. In 
addition to this there is a 10-T. traveling crane provided 
which serves the bay in which the house turbine is located. 

In the office bay at the downstream end of the building 
there are four floors devoted to office space which gives 
ample room for office accommodations for the chief en- 
gineer, his staff and the watch engineer. Completely 
equipped sleeping quarters and a first aid room have been 
provided for use in emergencies. The upper floor of the 
office bay is given over to-electrical operating control rooms 
and the load dispatcher’s office. Windows in these rooms 
opening out into the turbine room permit a view of the 











turbines and auxiliaries from the office and the operating 
rooms. This section of the power plant, constituting a 
small office building in itself, is served by a push button 
type elevator. 

CoaL Supply AND HANDLING EQUIPMENT 


Principal coal strata underlying the company’s prop- 
erty are No. 3 and No. 5 Indiana veins which will be 
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WABASH RIVER 
FIRST SECTION OF THE PLANT THLOUSES FOUR 1726- 
HP, BOILERS AND TWO 20,000-KW. TURBO-GENERATORS 


FIG. 2. 


available for use in the plant at any time in the future 
when it is deemed advisable to make use of them. After 
careful study and tests made at other of the company’s 
plants, notably at Kokomo and Logansport, forced draft 
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FOUR 1726-HP. BOILERS GENERATE STEAM AT 350 
LB. PRESSURE AND 215 DEG. F. SUPERHEAT 


chain grate stokers were chosen as the most feasible method 
of burning the coals that would be available. 

All plans are now completed and work is started on the 
mine shaft but until such a time as the company’s mine is 
developed, coal will be received over a spur track about 
114 mi. long built to connect the site with the Pennsyl- 
vania railroad running out of Terre Haute. Cars are 
dumped into a hopper beneath the tracks and the coal 
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passes then through a crusher and onto a system of belt 
conveyors which delivers it through an inclined runway 
into two overhead concrete bunkers of 1000-T. capacity 
each, located above the boilers at the upstream end of the 
present section. From this bunker the coal is delivered to 
the individual stoker hoppers by means of a 15-T. motor 
operated weigh larry. The present unloading, crushing 
and conveying equipments is of sufficient capacity to 
accommodate eight boiler units, four of which are now in 
service, with three additional units now being installed. 
Duplicate coal handling equipment will be installed 
when the plant is extended to house more than eight boilers 
which the present building will accommodate. The track 
hoppers are housed in a brick building apart from the main 
structure, to the north and provision is made for the in- 
stallation of a traveling crane and grab bucket for unload- 
ing any gondola cars that may be received. Locomotive 
cranes are provided for handling coal to and from storage. 
This storage yard, laid out on either side of the building 
housing the track hoppers, has a capacity of about 30,000 T. 


BorLer INSTALLATION DESIGNED FOR CHEAP FUEL 


The present boiler installation consists of four Bab- 
cock & Wilcox cross drum type boilers, each having 17,260 
sq. ft. of heating surface, which are operated at 350-lb. 
pressure. Each boiler contains 720 tubes 4-in. diam. by 
20-ft. long arranged iti 36 sections, each section containing 
20 tubes. The high tube banks were used rather than 
shorter bank in connection with an economizer because the 
comparatively low cost of the coal did not justify the use 
of economizers with their increased maintenance costs. As 
indicated on the cross sectional drawing of the boiler, the 
lower two rows of tubes are segregated from the others so 
as to form a kind of slag screen which provides ample 
entrance area for the gases of combustion, to prevent the 
adherence of clinker and slag. 

Superheaters are installed immediately below the upper 
bank of tubes, i.-e., between the sixth and seventh rows 
counting from the bottom of the header. Each unit has 
2424 sq. ft. of heating surface, 14 sq. ft. per 100 sq. ft. 
of boiler heating surface, and is designed to furnish steam 
at a temperature of 650 deg. F. with the boilers operating 
at 200 per cent of rating and delivering steam containing 
not more than 1 per cent of moisture. 

Boilers are set with their headers at the uptake end 
211% ft. above the floor, giving a furnace volume of ap- 
proximately 4014 cu. ft. or 0.23 cu. ft. per sq. ft. of boiler 
heating surface and about 1 cu. ft. per boiler hp. at the 
normal rating of 250 per cent. The boilers are, as has 
been indicated, 36 tubes wide, which necessitates a furnace 
21-ft. wide which, it was decided, was too wide for one 
stoker, if low maintenance costs were to be secured. Con- 
sequently, two Babcock & Wilcox forced draft chain grate 
stokers have been provided per boiler. Each is 21 ft., 3 in. 
long by 9 ft. 6 in. wide and has a surface of 202 sq. ft., 
giving a total of 404 sq. ft. per boiler or a ratio of 39.2 
sq. ft. of heating surface per sq. ft. of grate surface. 

Arches are placed over both the front and rear of each 
stoker, the front or admission arch being 8 ft. 6 in. long 
and the rear arch extending from the back wall to a point 
about mid-way over the rear combustion zone. The design 
of this arch is such as to throw gases contaimiiz an excess 
of air back towards the front of the boiler where they mix 
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with and tend to complete the combustion of the richer 
gases distilled from the green coal over the front section 
cf the stoker. It is contemplated that this design will also 
decrease ash pit losses by preventing any great amount of 
unconsumed combustible being carried over the rear por- 
tion of the grate into the ash pit. 

Furnace walls are of solid fire brick, 26 in. thick with 
ventilated side walls; the side walls, immediately above the 
grate are protected by two 4-in. tubes connected directly 
into the boiler circulating system. The setting stands 
within a structural buckstay framework designed to sup- 
port and restrain the wall but to allow sufficient freedom 
to take care of any expansion and contraction that may 
develop. Heating surfaces, both boiler and superheater, 
are cleaned by a system of Diamond Valv-in-head soot 
blowers of which there are nine units on each side of each 
boiler setting. 

Ash hoppers sufficient for a day’s accumulation of ash 
are installed directly below each stoker combination. These 
hoppers are each equipped with four air operated gates 
from which the ash is dumped directly into railroad gon- 
dola cars, run in on a track directly below. 

Forced draft is supplied by two American Blower Co. 
double inlet motor driven fans having a capacity each of 
225,000 cu. ft. per min. at a pressure of 2 in. of water 
when operating at 305 r.p.m. and at 5 in. of water at 
514 r.p.m., which is sufficient to meet the requirements 
of all four boilers operating at 225 per cent of rating. 
These fans discharge into a central duct running the 
length of the boiler room beneath the boiler room floor 
from which connections are made to each individual stoker. 
The air for combustion is supplied to the grate through 
a system of six wind boxes, the flow through each of which 
can be regulated to meet the requirements for most effi- 
cient combustion. Although they are not as yet completely 
installed, Hagan draft control apparatus and Ruggles- 
Klingeman damper regulators are being put in. A single 
stack with outside flues serves this battery of four boilers. 
This stack is of self supporting steel construction super- 
imposed on the building framework. It is 17 ft. in 
diameter inside the brick lining and extends 275 ft. above 
the grates. 


MAIN GENERATING Units EQuiIpPED FOR BLEEDER 
HEATING 


In the section just completed, the turbine room accom- 
modates two 20,000-kw. single cylinder Westinghouse com- 
bination impulse and reaction type turbo-generators. These 
units take steam at a pressure of 200 lb. and a temperature 
of 650 deg. F. The generators, operating at 1800 r.p.m., 
deliver, at rated capacity, 1100 amp. per phase at 13,200 v., 
3 phase, 60 cycle. The turbines are of the new single flow 
type embodying all the recent improvements that have been 
made in Westinghouse turbine design, including the new 
Bauman type blading and stream line exhaust casing which 
has been found effective in reducing the pressure drop 
between the turbine and condenser. 

Both units are arranged for bleeding steam for feed 
water heating from the third and fourth blade rings. At 
rated capacity approximately 25,400 lb. of steam per hour 
is extracted for this purpose, this quantity being sufficient 
to heat the condensate to an average temperature of 208 
deg. F. as . ~cenred at the discharge of the second or 
higher pressure heaver. 
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To keep the temperature rise of the generator within 
the allowable limits a Spray Engineering Co. closed system 
of ventilation, having a capacity of 65,000 cu. ft. of air 
per min., has been provided. Water for the spray nozzles 
of this system is supplied by two 500 g.p.m. motor driven 
pumps. 

Excitation current for each unit is furnished by a 125- 
kw., 250-v. direct connected exciter, an exciter rating of 
0.0625 kw. per kw. of the main unit. 

Ordinarily, these turbines are operated against a 
vacuum of 29 in. of mercury, which is maintained by a 
Westinghouse condenser having a surface of 40,000 sq. ft., 
i. e., 2 sq. ft. per kw. served, at rating. The condenser is 
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FIG, 4. TERRITORY SERVED BY THE CENTRAL INDIANA 
POWER CO. 


of the two pass, two compartment type, enabling the tur- 
bine to be kept in operation, at a reduced vacuum, of 
course, while the tubes are being cleaned. 

Two circulating water pumps and two hot well pumps 
are installed with each condenser. Three sets of air ejec- 
tors are provided for this section of the station, one set for 
each condenser and a standby set which is used as a spare 
and is common to both. 


HovusE GENERATOR USED ONLY IN EMERGENCY 


Ordinarily, energy for house service purposes is sup- 
plied from the main turbo-generator unit through a bank 
of 13,200 to 2300 v. transformers, but in case of an emer- 
gency that would cause a failure of the auxiliary supply 
from the main unit, power for auxiliary units may be 
obtained from a 2000-kw. non-condensing type turbo-gen- 
erator. This unit will be kept turning at all times; the 
generator normally runs as a motor, the turbine being 
connected to the condenser of the main unit through a 
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FIG. 5. 


A. Ash gates dump refuse directly into gondola cars 
run in immediately below. B. Ample provision is made to 
take care of expansion and contraction in the steam lines 
by means of loops and long radius bends. C. Track hopper 
building and belt conveyor for bringing coal into the plant. 
D. Important valves are motor operated and subject to 
control from the operating room. KE. Benchboard type 


HERE AND THERE AT THE WABASH RIVER STATION 


switchboard with relay panels in back. F. Belt conveyor 
distributes coal in the boiler room bunker. G. Totalizing 
meters and signal transmitting equipment. H. Drips are 
returned to the boilers by a Holly loop system. Condensa- 
tion chambers are mounted on the stack. I. Stokers are 
motor driven through variable speed transmission. J. House 
turbo-generator floats on house-service bus. 
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small pipe in order to maintain a vacuum on the turbine 
blading. 

This method of operation enables the wheels to run in 
a vacuum and to be maintained at a comparatively low 
temperature without the necessity of bleeding steam into 
the casing. In case of failure of the main power supply, 
the steam is admitted automatically to the turbine and the 
unit immediately picks up the auxiliary load. This method 
of operation possesses the further advantage that during 
normal operation the generator, floating on the main bus 
through transformers, acts as a synchronous condenser for 
the system which results in a higher power factor. 


Make-up Is EvAPORATED 


Inasmuch as the water available is unsuitable for use 
directly in the boilers, make-up water is supplied by an 
evaporator system. ‘This system, having a capacity of 
20,000 lb. of evaporated water per hour, is of the two- 
effect, high-heat-level type. The evaporator condenser is 
of the closed type and the discharge from the boiler feed 
pumps passes through it on the way to the boilers. By 
this means, the temperature of the feed water is raised to 
about 240 deg. The evaporator equipment at present in 
service is of sufficient capacity to serve twice the number 
of boilers that are now installed. 

A concrete storage tank of 50,000-gal. capacity located 
under the ash room floor serves as reservoir for the make-up 
water. Provision has been made for the installation of 
deaerator equipment, but at present, none is installed. 

To prevent any unnecessary accumulation of silt in the 
make-up water evaporators, the plant is equipped with a 
system of sand filters, located on the condenser floor under 
the office bay, through which all water passes on its way 
to the evaporators. 

Two bleeder heaters are provided in connection with 
each turbine. Condensate from the main condenser passes 
in order through the oil coolers, air ejector condensers and 
bleeder heaters to a surge tank in the boiler room about 
95 ft. above the boiler feed pumps which are on the con- 
denser floor. An auxiliary closed heater is provided for 
use when either the steam driven feed pump or the exciter 
is in operation and exhaust steam is therefore available 
for heating. Under such conditions, one of the bleeder 
heaters may be entirely shut off or its steam supply re- 
stricted to give a feed temperature at the suction of the 
pumps of about 210 deg. F. From the boiler feed pumps 
the feed water passes through a closed high pressure 
heater which also serves as the evaporator heater to the 
boiler feed mains. From these mains there are two 4-in. 
connections to each boiler, both being equipped with Stets 
feed water regulators and a Venturi meter connection. 

With the exception of one 500-gal. per min. boiler feed 
pump, one fire pump, and a spare 150-kw. exciter, all 
auxiliaries in the plant are electrically driven. These units 
are all for use only in emergencies, consequently for 
normal operation all steam for feed water heating pur- 
poses is bled from the main turbine units. 


CIRCULATING WATER Is HANDLED ECONOMICALLY 


Circulating water tunnels, one intake and one dis- 
charge, immediately outside the turbine room wall, supply 
all condensing water for the two units now in service. As 
the Wabash River carries, especially at flood tide, a con- 
siderable quantity of trash, leaves, etc., special care has 
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been taken to prevent any great quantity being drawn 
into the tunnels and thence into the condensers. In addi- 
tion to racks and emergency screens, inlet traveling screens 
are installed in the screen house at the mouth of the tunnel 
to catch any refuse that may be present. 

Circulating water connections between the pumps and 
the condensers which they serve are exceedingly short and 
direct, thus reducing to a minimum the dynamic head 
against which the pumps must operate. As a further aid 
in decreasing the pumping head through the circulating 
system, the discharge connections from the condenser are 





FIG. 6. HIGH TUBE BANK IS USED BUT THERE IS NO 
ECONOMIZER 


designed as draft tubes so as to convert.a considerable 
portion of the velocity head into pressure head. The con- 
trol valves on this line are motor operated and are equipped 
for remote control. 

All piping has been laid out with the idea of obtaining 


the maximum of simplicity without in any way endanger-_ | 


ing continuity of operation. The high pressure steam 
system is simple and direct. The number of flanged joints 
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has been reduced to a minimum by the use of telescopic 
type line welds and interlocking type welded nozzle out- 
lets. Where joints have been found necessary, they are of 
the Sargol type. A 10-in. angle type d.c. motor operated 
non-return valve equipped for remote control from the 
operating room is installed at each superheater outlet. The 
sectidnalizing valves in the 16 in. main header as well as 
the valves in each of the two turbine leads are also motor 
operated and remote controlled; in this case, however, 
alternating current is used. Each motor operated valve 
has two control stations, one at the valve itself for normal 










ONE OF THE 20,000-KW. TURBINES WHICH HANDLE 
THE PRESENT LOAD 


Fic. 7. 


operation, and the other, as has been mentioned, in the 
switchboard operator’s room, which is used only in case 
of emergency. 

Condensate from the various steam lines, traps and 
separators is returned direct to the boilers by a Holly loop 
system. This condensate is piped to a closed receiver in 
the basement of the plant from which it is forced in the 
form of a spray, under full steam pressure, into a riser 
connecting to a condensing or discharge chamber mounted 
on the stack. Here the steam and moisture is separated, 
the water gravitating into a drop leg, thence through a 
U trap into the boilers and the steam discharging through 
a reducing valve into a heater. 


ELEcTRICAL EquipMENT Is AMPLY INSURED AGAINST 
INTERRUPTION OF SERVICE 


Two 3-phase, 13,200-v. generator busses are provided 


with two selector oil circuit breakers per circuit. Electro- 
lytic static dischargers are provided on each bus. At the 


present time no protecting reactors are installed but the 
arrangement of the layout is such that an extension to the 
building can be added in the future to house such equip- 
ment. 

The electrical structure consists of two sections; the 
first, that adjacent to the turbine room, consists of offices 
on the first two floors, conduit room and load dispatching 
room on the third floor and a chart room and switchboard 
control room on the top floor. Both the switchboard room 
and the dispatcher’s room are provided with large win- 
dows overlooking the turbine room. In the second section, 
oil circuit breakers and busses are provided in duplicate, 
the first floor containing one main 13,200-v. bus, the 
second floor, one set of oil circuit breakers, the third floor 
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the second generator bus and the top floor the second set 
of breakers. 

Oil circuit breakers installed have a breakdown capacity 
of 34,000 amp. at 13,200 v. and are sufficient for a gener- 
ator capacity of 125,000 kv.a., without the use of external 
reactors. 

Both generator and transformer circuits are provided 
with relay protection, the generator relays being also con- 
nected to trip the main steam throttles on the turbines, 
the neutral switch and the field switch. 

A bus discharger is connected to each of the main 
busses, and in the future one will be connected to each 
bus section. 

The main control room contains a benchboard type of 
switchboard with relay panels in back, for the generators, 
station service circuit and future bus sectionalizing appa- 
ratus and a similar board facing this one for outgoing 
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FIG. 8. STEAM PIPING SYSTEM IS SIMPLE AND DIRECT 
feeder circuits. Between these two and at one end is 
located a station service instrument board with totalizing 
recording meters, d.c. control circuit switches and such 
equipment. 

Yo enable the chief engineer to keep in constant touch 
with his operators, a signal system is provided, operated 
from direct current and arranged with one transmitting 
equipment in the switchboard control room and a receiver 
at each generating unit. These signal devices are similar 
to the control standards used in ship pilot houses. Load 
bulletins are provided in both the turbine room and the 
boiler room, operated from the switchboard control room 
and so constructed that the load on the station will always 
be automatically indicated through a connection to the 
station totalizing wattmeter. 

In addition to indicating the total load to the operator, 
the station totalizing wattmeter on the instrument board 
causes a similar indication on meters in the boiler room, 
turbine room and the chief engineer’s and load dispatcher’s 
offices. There is also an additional hand on these meters 
in both the turbine and boiler room controlled by the 
switchboard operator, which indicate an anticipated load. 
By means of these load bulletin indicators advance notice 
of expected load changes can be given to the operating 
crew to enable them to prepare to pick up the load. 
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All control and instrument wiring is terminated in a 
conduit room located directly under the switchboard room. 
This construction permits the use of flexible connections 
to the benchboards and possible rearrangements with a 
minimum amount of disturbance. 

Ultimately, there will be two 2500-kv.a. banks of sta- 
tion power transformers, and in case of failure of a trans- 
former or any interruption to the supply of energy to the 
2300-v. station bus, the house turbine generator will auto- 
matically be brought into service for the operation of 
relays. 

All the larger motor driven auxiliary units are oper- 
ated at 2300 v. and the smaller motors, at 440 v., three 
phase. The service feeders for these motors are so grouped 
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regulator on the air duct. The boiler feed motors are of 
the slip ring type and are automatically controlled by a 
regulator attached to the steam and feed water systems. 

Smaller and less important 440-v. 3-phase motors are 
fed from two 450 kv.a. transformer banks through two 
single distribution busses. There is an emergency tie 
between these busses, as one transformer bank is sufficient 
to carry the total load. 


LIGHTING AND COMMUNICATION Has Bren DEVELOPED 
To A HicH DEGREE 

Particular study has been given to the question of 

lighting and in addition to the alternating-current sys- 
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FIG. 9. GENERAL STATION WIRING DIAGRAM 


that there are always two feeders available for any im- 
portant service. 

Circuits from the house turbine and from the trans- 
former bank are brought out to separate busses, from which 
duplicate feeders run to two 2300-v. distribution busses. 
The circuits to the distribution busses are controlled from 
truck type switchboards located on the turbine room floor 
in the house turbine bay. The distribution oil circuit 
breakers are cell mounted, and electrically operated. 

Motors for the main 2300-v. auxiliaries and the starting 
and control panels for groups of motors are located together 
on the condenser floor. Each group is provided with one 
circuit to each main distribution bus, thus providing two 
sources of supply. The 2200-v. motors are of the squirrel 
cage induction type with the exception of those driving 
the forced draft fans and boiler feed pumps. 

Of these, the fan motors are of the brush shifting 
commutator type and are automatically controlled by a 


with automatic throwover devices so that in case of failure 
of the alternating current system there will be sufficient 
lights connected to the battery to operate the station. The 
lighting circuit is a 220-110-v. 3-wire system fed from a 
50-kv.a. transformer through an automatic voltage regula- 
tor from each 2200-v. bus. Emergency lighting circuits 
carry about 25 per cent of the lighting, and are normally 
connected to the a. c. circuit but are automatically con- 
nected to a storage battery circuit upon failure of the a. c. 
supply. 

Energy for control circuits, valve motors, signals and 
emergency lights is provided by a 60-cell, 40-amp. storage 
battery. 

Annunciators are located in the turbine room and in 
the switchboard control room, which will indicate auto- 
matically any interruptions on the auxiliary equipment, 
automatic opening of oil circuit breakers, operation of tem- 
perature alarms or other similar occurrences that require 
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DEORE WLIOMONS Goi uctwecl aus acmos Babcock & Wilcox Co. 
ESS Seo et eee ey Cross drum, water tube 
EES OS SS Pore ey a ery yA Spied yy - “ 
PEENUUPIIIEMEEOO CG ccc n in ag So kobe Sa ae see ss Sap ee 16 
Her HHASEUTO; WAKO. S's. ssa hess Svea aes 350 Ib. 
Water heating surface, each................ 17,260 sq. ft. 
RPA SR MEW oo os 4 nea 55 9555055 esa emresaee 54 in. 
enO EONS ee «oc 25 Bek ow sSinicee 4 in. No. 7, B. W. G. 
MIRO MMOD, okies ssi some wec¥ cee se ee ypsioe ne vase 20 ft. 
j PUNT a MORON .,.6. 65 . 550455 0a seus. sees sakes ee ee 36 
Number OF Cabek POr BOCwION. «0... 5:2... SS ss sow see cam 20 
WYARUM Ol SORBOOB S|. {ps cs oe ss sees essen een 21 ft. 4 in. 
Grate area, projected per boiler................ 404 sq. ft. 
i Ratio water heating surface to grate area.......... 42.7:1 
Water heating surface per kw. (ultimate)...... 2.76 sq. ft. 
Heating surface per sq. ft. boiler room floor area 
(MIRRUD G esas co sou e su senbeee es csnaases 8.64 sq. ft. 
Ratio furnace volume to water heating surface...... 0.23:1 
Ratio furnace volume to projected grate area....... 9.93:1 
Make of superheaters.............- Babcock & Wilcox Co. 
Type of superhenter..........cccecsssceessene Convection 
Location of superheaters..Between 6th and 7th rows of tubes 
Superheating surface per boiler.............. 2,424 sq. ft. 
Ratio superheating to boiler heating surface....... 14:100 
Steam temperature at 225 per cent rating..... 650 deg. F. 
Corresponding to a superheat of............+-. 215 deg. F. 
STOKERS 
BERK Ol WUOKOS 5666s sco sss sea Babcock & Wilcox Co. 
BUDE ScSekbuosaisoee beaks soe tees Forced draft chain grate 
Namber per DOWER. oes. 3 eh ood oes sess es sieeise 2 
Effective length, each stoker................+- 21 ft. 3 in. 
WV RRUE OL RON BUOKBE 54S osc scce tes snesen 9 ft. 6 in. 
irate BOR Of CRE BUOKET. ss... os. 005 60050055508 202 sq. ft. 
Chain speed at maximum rating........... 44.0 ft. per hr. 
Coal burned per sq. ft. of grate at maximum rating...41.2 lb. 
Each stoker driven by.............-00.s: 3 hp. ind. motor 
JTS 2°00 0 a Aa ee yey General Electric Co. 
Stoker speed control by.. Reeves variable speed transmission 
SOC BRONES BY x5 :.5555..65 shs%ccine ees American Arch Co. 
Coal Burned No. 5 Vein Indiana: 
| SSAA AR teers a eer ee 14.40 per cent 
BURIED cio Gos sisn.c oe ae eR Sh Se Eee te 8.50 per cent 
WONMRID 6.63.6:05 045,55 So pict sae es sees 38.30 per cent 
RRR RNIN 60 525 nn ou ssw Sees se arhae es 38.30 per cent 
Calorific value (as fired)................ 11,160 B.t.u. 
PMDMOE2 hicacnmSasxicbae ssn seals cease ae 3.62 per cent 
Fusing temperature of ash....... 1,900 to 2,000 deg. F. 
CHIMNEYS 
WOR Secs cass «SN ees ebapenaaee cee Self supporting steel 
1 0 aS ee ener eras Chicago Bridge & Iron Wai 
meer SnSthliod .....s i6sce sees cess ees sessed ee esioe en 
NUON, RIMINNUE) «55.5 55s asso nse sun sse oe. cat seen sashes ‘ 
Height above boiler room floor.............+++ee4: 275 ft. 
Diameter at top, inside of lining...............+..- 17 ft. 
ee PEEL Ly Radial brick 
BEM | BY. 5:5. 5 o.6 0.015 20 5\010,010 6 o'sipleleleo o 019106 Link-Belt Co 
Chimney supported on........... Building steel framework 





Coat HANDLING 
Belt conveyor, 24 in. wide 













DODD. oiin wos > sss ox senna se eeie ee 
Furnished by....... Weee Se aee GRE S Beery... Link-Belt Co. 
Capacity installed..............sesseeeeees 100 T. per hr. 
Capacity, ultimate..............sesceeeees 200 T. per hr. 
Speed of belt at rated capacity........... 300 ft. per min. 
GEMET, BPDOs ccc eucas ssesbease 30 in. by 36 in., two roll 
ONT EEEES foo kane acer cons sess ds season Link-Belt Co. 
CraeRr; ORDINIET «55 55.5.6. s ole ss SoG wntsin e 100 T. per hr. 
Overhead bunker, type..........-.2-sseseeeeeees Concrete 
Capacity installed.............ccseeeceseereeees 1,000 T. 
Capacity, ultimate...............-.-eseeeeeevees 2,000 T 
Coal distributed to boilers by........... 15-T. weigh larry 
Larry furnished by........... Stephens-Adamson Mfg. Co. 
Coal storage yard... .....cecsecesccccccceseccs 30,000 T. 






Reclaimed from storage.. Locomotive crane and railroad cars 











Summary of Mechanical Equipment in Central Indiana Power Co. Plant 


Locomotive crane, make..........sesecceses Link-Belt Co. 
Yard locomotive, saddle tank type..American Locomotive Co. 


TuRBO GENERATORS 


Main Units 
Manufacturer... ..........+. Westinghouse Elec. & Mfg. Co. 
fA are ee ee ey Combined impulse and reaction 
PRERDOT SBBURILOG 5.5.66 4:5.00% 500% 5 0's000s 0% 2, 20,000 kw. each 
PVLUBDET, TUOUMBUBS « 5.5 Sass s's's bene ab sao 5, 20,000 kw. each 


Pressure at bleed points at 20,000 kw...5.6 and 16.4 lb. abs. 
Capacity per sq. ft. turbine room floor area (ultimate 


SRE cites ches ees es res secs eae ke ae tae 5.06 kw. 
Nc cuss ssn na acne sny sieenurNis settee 1800 r.p.m. 
WV GHENY OT UB W AUS 5 66's sats «665s eke Ss eeee 38.2 lb. 
ERNE WE APOE ous. gcc des bh ia 85s dace beae 300 Ib. 
Temperature at Throttle... <..5.0 0.506000 0000 650 deg. F. 
WARM oie ce oes sees tt ess cae ene sie 29 in. mercury 

16,000 kw. 20,000 kw. 


Water rate (with no bleeding) 10.08 lb. 10.21 lb. per kw. hr. 
Water rate (with bleeding)... 10.40 1b. 10.65 lb.per kw. hr. 
Steam at condenser with bleeding 9.24]b. 9.38 lb.per kw. hr. 


aype Of menerator.....60..... 3 phase, 60 cycles, 13,200 v. 
Ventilating air for generators...... 65,000 cu. ft. per min. 
Drive for main exciters...... Direct connected to main unit 
PAIR OT RRAN DAMIOUEIS os) s.< cic wins vine 6 opisic baie eo oles 125 kw. 
SURAAUERION WHENEO. 2 GS Shs sop eSe ke oueap sais esse es 250 v. 
Emergency House Generator 
Manufacturer .’........... 5% Westinghouse Elec. & Mfg. Co. 
Type....Non-condensing combination impulse and reaction 
LGR Siw s-calr Skye Sota a cee a eo Kn eG OOaS 2,000 kw. 
BNMMRELUOT RUMUMAIOU , ic; 5:5 4\s 101% ip'5 0 218191551 GS wis.d FROGS SERS 1 
SUMURUOL,NIMAUENNEO? 5.5554 ous Sb esas od eds ScaGemaa cama 2 
SN Sesh ich sb oneernitebe te. SeLnes ese ees 3,600 r.p.m. 
Spare Exciter 
oy See Combination turbine and motor drive, 250 hp. 
MMB Tis esis 8 ciaie0.s 3 winless The Terry Steam Turbine Co. 
AMMRIREMEY tos id po icici ins Re ore op to ire so ok ew eee Oke 150 kw. 
PMNUAS hiss Smee eae ese eee ee os Sete aen 1,200 r.p.m. 
CL ero e Er ere rarer Peete ries 250 v. 
CONDENSERS 
BBO sib ose 55555 oebee sata Surface, two compartment 
Manufacturer............. Westinghouse Elec. & Mfg. Co. 
Ba TER NOUR 5 4c ais ecde esos s<einowksl 40,000 sq. ft. 
Tube surface per kw main unit................ 2.0 sq. ft. 
Circulating Water Pumps 
NGM os. ccan sv eewewen yewews ee eset el Two per condenser 
Capacity, one pump running................ 25,000 g.p.m. 
Capacity, two pumps running............... 40,000 g.p.m. 
La SUR SG oon 7 res pre: Slip ring motor, 175 hp. 
Capacity per kw. main unit...................0.. 2 g.p.m. 
Condensate Pumps 
DIMEAUET s o24.d%. NG oie keesSeRAesae ose ce Two per condenser 
ED Besieh yuku cipro Saree sae ca eee eae Two-stage. 
DRUG, MENG. s ps5 esha kee k ek ees 315,000 Ib. per hr. 
eS OR ey, Squirrel cage motor, 75 hp. 


Air Eductors 
Number..One set per condenser with one common set for spare 


Each set consists of...........0ss00¢ Two 2-stage ejec- 
tors with surface type intercooler and after condenser 


ScrEEN WELLS AND INTAKE TUNNELS 


Screen wells, muimber iistailled., .....0. 6c cesccecvceccvaes 1 
Sereen ‘wells, number, ultimate... .. 2.05660 c es veeesees 2 
EVID WE WEPOORG I 60s oie Seok ood Satins awesiiat Traveling 
RMD ook bic bn ee VR ew nS sews oboe seule Link-Belt Co. 
DAUR AIT CMMI TAVIAEN Ss 550s 3/016 soe ere pie Fee sist Seer 6,3 2 
WAGER DREN GENOOR LA ios AS sels SAR ade 8 ft. 6 in. 
CURVE Sos cwiichis jab Sey pos nisi nee okies 15 ft. per min. 


MISCELLANEOUS EQUIPMENT 
Forced Draft Fans 


Nemmbet SUGAR | on 6.6564 no sck cts 3's dios need o ne case 2 
PRMREEEIET; PRASEAMEUMUMID og 0 3 now plniels Sio-0 eu 6s So asso oN bia aie was aie 5 
ERP ie See SEAS ee Se MP aes ra American Blower Co. 
Type... as Double inlet, full housed angular top discharge 
ERDCIOY ws isisiere stv a sia nls n> gs Bae 225,000 cu. ft. per min. 
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Discharge pressure, in. water........... 2 in. at 305 r.p.m. 
Discharge pressure, in. water........... 5 in. at 514 r.p.m. 
i Sey eri 200 hp., 16-pole, G. E. motor 
Boiler Feed Pumps 
Nermber installed: ..o.. ks oc secs sce ccecse veto sesews 3 
MR os 005 055 bn" 86 Jeannesville double suction centrifugal 
ASIN «5 56’ s:0.6's'0 oad gs Two 1,000 g.p.m.; one 500 g.p.m. 
DUURTES HANNS oe se ec ee ew ences 425 lb. per sq. in. 
POT OE WOME ES aac thie SPSS weeks we elne oes 4 
Ae Or Worthington Pump & Machinery Co. 
1,000 g.p.m. pumps driven by............--+. Suis Ewa 
betters 's Bowes aiea oe 350 hp. phase wound slip ring, vari- 
able speed Westinghouse induction motor, 1,800 r.p.m. 
500 g.p.m. pump, driven by.......-ccccscccccccseeses 
Meee Westinghouse non-condensing turbine, 2,200 r.p.m. 
7 Renee ee ee Two effect, high heat level 
EM sos satus eee eee aeegae ens The Griscom-Russell Co. 
RIBTNCIOY <0 os vince diovan tine weens aeaaene 20,000 lb. per hr. 
Bleeder Heaters 
Ec 3 Ae ae Two for each 20,000 kw. turbine 
MOE Tice sk coe ses tases ee eea mes he Mee ae ome Closed 
se  GOORE aks x REEF Westinghouse Elec. & Mfg. Co. 


Tube surface....primary, 925 sq. ft.; secondary, 900 sq. ft. 
Generator Air Coolers 
DOPO 69% -00:00 400% Water sprays, closed recirculating system 
Capacity for each 20,000 kw. unit.65,000 cu. ft. air per min. 
ABO 5ccusinie cdaiohngiapnin.edee stain Spray Engineering Co. 
Supply Pumps 
Two 500 g.p.m., motor driven...... Morris Machine Works 
PS eee Oars ee ....... Westinghouse Elec. & Mfg. Co. 


Discharge Pumps 
Two 500 g.p.m. vertical motor driven..Morris Machine Works 


sip arated wt Seine are shera es Westinghouse Elec. & Mfg. Co. 
Service Pumps 
Two 1,600 g.p.m., motor driven... ...°...ccsccccocsese 
ent aiee Gre aes See ree Worthington Pump & Mchry. Corp. 
Sat NRE SIE E STE cela Lk ae Westinghouse Elec. & Mfg. Co. 
Fire Pump 
One 1,500 g:p.m.,, turbine GriveM... oo... 00-0060 00000 0106 
piesa oN sees eae Ree Worthington Pump & Mchry. Corp. 
SL Silene sh ea eale eae’ Westinghouse Elec. & Mfg. Co. 
Clean Drip Pumps 
Two 300 g.p.m., vertical motor driven..............-.. 
A os oie S Ws cutee pighire enn Morris Machine Works 
Pe eS rs a uae Ae Westinghouse Elec. & Mfg. Co. 
Dirty Drip Pumps 
Two 100 g.p.m., vertical motor driven.........-..-+++- 
ene en ee Morris Machine Works 
eh ge Ee ERR ee Eh Westinghouse Elec. & Mfg. Co. 
Water Filters 
Three 500 g.p.m. each, sand, pressure type............. 
pal syeR''s bias aoe p cee care ene ee Roberts Filter Mfg. Co. 
Screen Well Pumps 
Two 900 g.p.m., vertical motor driven..............++. 
ren ne Morris Machine Works 
POT eee Pe ee Westinghouse Elec. & Mfg. Co. 
Turbine Room Cranes 
One 75-T. capacity, 57-ft. span, 4 motor.............. 
Snickers tha tabetha eels Northern Engineering Works 
One 10-T. capacity, 10-ft. span, 1 motor.............. 
Sct slgis one Siw bare Seer see's colh Northern Engineering Works 


Oil Filtering Systems 
For ‘each main turbo-generator. Partial filtration, con- 
tinuous by-pass system............. S. F. Bowser & Co. 
For general service: 
One centrifugal oil filter...De Laval Steam Turbine Co. 
Air Compressor 
One 380 cu. ft. per min., motor driven..Ingersoll-Rand Co. 


Sut Sea let esutc Met oes Westinghouse Elec. & Mfg. Co. 
8 4-in. “Stets” type B, feed water regulators.......... 

Prison PNR er Ce eee The Williams Gauge Co. 
8 4-in. Venturi meters for boiler feed................. 

jis daah eg pds te Os hs ee Simplex Valve & Meter Co. 
2 10-in. Venturi meters for boiler feed................ 

he Sreuinin s G0 a wine ees ois eee Simplex Valve & Meter Co. 
ately WRN as 255s CS Ee Consolidated 


BO UAOlr PRSION s Gsisieceswhabascesied Babcock & Wilcox Co. 


Mechanical Equipment in Central Indiana Power Co. Plant—(Continued) 


MIE COMM ts cnc evasive vaso ces coe treeees Everlasting 
ous Taaween {IS per boiler)... eis cece ccdecccveces 

api levesaka la Bu bia y Wnts 0.6:6,0"4 Diamond Power Specialty Corp. 
Wa UNE MONE CUBE. 6.6.6. 6:9 «ss 00:4 ecu es cies A. P. Green & Co. 
EMEC ss Cortese eee sy ko cee alee American Arch Co. 
RINNE NND gt. 65 Sie Stiles eine c ds Babcock & Wilcox Co. 
Smoke flue and forced draft ducts.............00ee08: 

RASA RAAINE Ratt Sept ee Terre Haute Boiler Wks. Co. 
Boiler room and office bay elevators...... Otis Elevator Co. 
Cast iron ash hoppers and ash gates................4. 

EP PERE PT ee The Allen-Sherman-Hoff Co. 
Muntz metal condenser tubes......... Bridgeport Brass Co. 
Circulating water valves....The Chapman Valve Mfg. Co. 
Rubber expansion joints................. U. S. Rubber Co. 
Copper expansion joints.......... E. B. Badger & Sons Co. 
Special circulating water castings..Lumsden & Van Stone Co. 
High pressure steam pipe and fittings................ 

Sainncleie 4 Pittsburgh Valve, Foundry & Construction Co. 
High pressure steam gate valves................ Crane Co. 
TRIER, OUR Se Ow ok ooh so ee eo ndtsdacgusesten 

ates Bis Pittsburgh Valve, Foundry & Construction Co. 
Sargol welded joints, under license from.............. 

Pain ta Siw a raraceyace orgiort @ Pittsburgh Piping & Equipment Co. 
Low pressure steam and water gate valves............ 

Gaehes uae CUhas came tan e's The Chapman Valve Mfg. Co. 
Atmospheric relief valves........... Atwood & Morrill Co. 
Cooling equipment for drinking water................ 

A: Fae Oe er eee Automatic Refrigerating Co. 
Surge and storage tanks..... Terre Haute Boiler Wks. Co. 
Hg: PEORRETO WRENE WRUUOD 6 oo ast cdicassec ge veces 

ee, ce ais Pittsburgh Valve, Foundry & Construction Co. 
Operating and control mechanism for motor operated 

MEME aitk: aLeauaee + «0c Rene eeekon Payne Dean, Ltd. 
| GRP oer McClintic-Marshall Co. 
Steel sash and sash operators........... Truscon Steel Co. 
Louvres and ventilators....../....... E. Van Noorden Co. 
cS res CE eee re oer eee G. Drouve Co. 


ELECTRICAL EQUIPMENT 


Equipment Type Manufacturer 
Turbo-generators—25,000 kv.a., 3 phase, 13,200 v., 60 
CYC, EO TO ip cscc ss cccrdseeceeess Westinghouse 
House turbo-generator—2,500 kv.a., 3 phase, 2,300 v., 
eer ee ree Westinghouse 
Spare exciter—motor and turbo driven, 150 kw., 250 v. 
SER EY Patten ers ce te es sy ete Terry-General Electric 


Station service transformers—2500 kv.a., delta bank self 
cooled, 13,200-2200 v.; 450 kv.a., delta bank self 
cooled, 2200-440 v.; 50 kv.a., self cooled, 2200-200/ 


DO War cbc cbicattc cts eee rec eine Ree baa en Westinghouse 
Bus supports—13,200 v., smooth, white, 5 in. diameter, 
DOLORINTIDL 6.5 0.0:0.00,006.0 5:3 Electrical Engineers Equip. Co. 
2,300 v., brown, corrugated, 4 in. diameter, porcelain 
caine adie Rae Melreees he as Electric Power Equipment Co. 
Floor bushings—smooth, white porcelain.............. 
PO OS ETT Te, COROT TT Locke Insulator Mfg. Co. 
Entrance bushings—in pre-cast slab in iron frame..... 
salted s Sieh sil tore o> 9 Udo Cale an Locke Insulator Mfg. Co. 
Oil circuit breakers— 
pS RE A ra ati eee: General Electric Co. 
2200 v., main, truck type......... General Electric Co. 
2200 v., distribution.............. General Electric Co. 
2200. v., motor control. .........+¢- General Electric Co. 
| General Electric Co. 
Switchboard panels.................. General Electric Co. 
Bus dischargers, oxide film arrester...General Electric Co. 
Lighting regulator, automatic......... General Electric Co. 


Forced draft fan motors, brush shifting commutator.. 

EEE ERE PPT FAR CET IE General Electric Co. 
Boiler feed pump motors, slip ring.......... Westinghouse 
Storage battery, 60 cell, 40 amp................e0e0. 

sae. 6 ME dia €.e hoe tee bm ange Electric Storage Battery Co. 
Battery motor generators, 10 kw., 15 hp............4. 

WEG wed Gilt o teks ode erlecta et cade Gees General Electric Co. 
Interior telephone system, automatic..Automatic Electric Co. 
Switchboard and turbine signal system, pedestal, motor 


MPEUEE ook 68 Kemas cacceteces Charles Cory & Sons, Inc. 
Emergency valve control switchboard, push button, re- 
MOO COMIN: « chi6d Ba Gs hoo BLA a ik Payne Dean, Ltd. 
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immediate attention of the operators. In addition to the 
usual connections to the public telephone system, an auto- 
matic intercommunicating telephone system and watch- 
man’s clock system is provided. 

Because of the uncertainty of the long distance tele- 
phone service under adverse weather conditions elaborate 
means have been provided for maintaining communication 
between stations. The load dispatcher’s room is provided 
with a Westinghouse duplex carrier wave telephone system 
by means of which the dispatcher can talk to any plant on 
the system. By means of this system, radio frequencies, 
modulated by voice currents, are superimposed on the high 
voltage transmission frequencies through capacity coupling 
between the transmission line and an aerial about 1000 ft. 


Ri iii ta 


10. OUTDOOR SUB-STATION ADJACENT TO THE 
ELECTRICAL BAY 


FIG, 


long strung immediately above. The radio frequency 
waves are thus transmitted along with the power waves to 
a similar capacity coupling at the receiving end. Each 
station on the system has two aerials, one for sending and 
one for receiving. They may both be operated simultane- 
ously, a feature which permits the dispatcher to talk and 
listen at the same time, i.e, just as in an ordinary 
telephone conversation. 


Tuirp Unit 1s ALREADY ORDERED 

The construction program for 1924 calls for the instal- 
lation of the third 20,000-kw. turbine, which will be of the 
same design as the two now in place, with the condenser 
and all necessary accessories including an extension of the 
turbine bay. Part two of this program calls for a switch- 
board for the No. 3 turbine and in addition switching 
equipment for the low side of two additional 25,000 kv.a. 
transformer banks. This will require a 40-ft. extension to 
the present electrical bay. 

With this equipment installed the plant will be able to 
handle a load of 60,000 kw. 

To L. B. Andrus, chief engineer of the American 
Public Utilities Co. and the Central Indiana Power Co., to 
Mr. Lyons and Mr. Bredahl, superintendent and assistant 
superintendent of the station and to Stone and Webster, 
Inc., who designed and built this plant, we acknowledge 
indebtedness for the courtesy and co-operation extended us 
in getting together the necessary data for this description. 


July 1, 1924 


Irregular Boiler Feeding 
Lowers Efficiency 


Hanp Frepine Is Guesswork; AUTOMATIC 

REGULATORS GIvE UNIFORM FEEDING AND 

Save Lazsor. By JouHn D. Morean 
N THE grand old days it was generally assumed that 
I there was an art in feeding water to the boilers and 
with this idea in mind, practically every plant had‘a water 
tender. The water tender would not allow anyone to tam- 

Ba nates che BOLERS ESTIMATED BOILER ROOM DATA 7 


RETURN TO CHIEF 
OFFICE AT ENO OF PERIOD 


it} Ef Wi 1AM 2 


AN ESTIMATED LOAD CURVE WILL AID BOILER ROOM 
FORCE IN PREPARING FOR LOAD CHANGES 


Fic. 1. 


per with the feed valve. This procedure was right and 
proper, for it is of vital importance to the safety of the 
plant as well as to the economical operation of the plant. 
By improper feeding of water to the boiler, it is possible 
to lower the normal efficiency of the boiler plant from 3 
to 10 per cent below what it should be. 

Proper feeding of water to boilers is a complex job. It 
embraces the careful study of the fire conditions, the load 
demand and uniform feed water pressure and temperature. 

Disadvantages of the usual methods can be put forth 
in many ways, but the main disadvantages are that of the 
human element and lack of proper training methods 
coupled with a lack of modern regulating equipment. 

Hand feeding as conducted in the average plant is a 
veritable guess work plan. There is, as a rule, no load 
indicator in the boiler room other than that of previous 
experience. Water is fed to the boiler when the water in 
the glass shows below a certain level. This level is dif- 
ferent for each individual water tender; some always 
carry high water, others always carry low water. Where 
some watch is kept on the amount of coal or water used, 
it is common practice toward the end of the watch for the 
water tender to feed more or less water than is necessary 
in order to make the pound of water per pound of coal 
factor indicate that his particular shift is by far the most 
efficient. 

In some plants the water tender is the real boss, for 
when the fireman is faced with a demand for more steam 
and the pressure starts downward, it is within the power 
of the water tender to make the task of pressure recovery 
an easy one by shutting off the water supply, or make it 
next to the impossible for the pressure to be recovered by 
keeping on a strong feed. 
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To train the water tender properly requires the expen- 
diture of some little money and considerable time. The 
first expenditure of money should be made for the purchase 
of a good feed water pump, pressure regulator. This is 
one of the most important pieces of equipment, for without 
proper pressure regulation, proper feeding is impossible. 
The next valuable equipment needed will be that of a 
steam flow meter and water flow meter (chart recording 


type). . 


220 
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eo s 


DEGREES SUPERHEAT 
Ss 





OF WATER IN 
TEST MADE ON 600 HP BOILER HAND FIRED, HIGH FURNACE TYPE 
STEAM PRESS. 200% 


TEST N91 DRAFT .8"-.9" FLUE GAS TEMP 630°F 
oi Ge “ow © COO 


TEST N&2 : 
DAMPER PARTLY CLOSED 


FIG. 2. SUPERHEAT VARIES WITH WATER LEVEL CARRIED 


These two meters are a most valuable aid to proper 
and uniform water feeding. When possible, each boiler 
should be equipped with meters; however, if it is hard to 
obtain an authorization for this, fairly good results will 
be obtained by having one set of meters on the entire plant. 

Next to the meters, the item which has great im- 
portance on the proper feeding of water to boilers, is that 
there should be one gage glass on each boiler drum. It 
has been demonstrated many times that where there is only 
one gage glass on a two- or three-drum boiler, one of the 
drums will show an exceedingly low level of water, while 
one of the other drums will show the water actually slop- 
ping over into the steam line. 

The boiler room should be given a chart showing the 
approximate demand load expected on the station, and 
also the number of boilers to be kept on the line for this 
service, and in addition a visible load indicator showing 
the actual load at all times. An example of such a chart 
is given in Fig. 1. 

There is also an important relation which exists be- 
tween the height of the water in the boiler and the degree 
of superheat obtained from the superheater. Tests should 
be made on each boiler to determine the proper or best 
working height of water and then hold the water at this 
height. An example of such a test is given in Fig. 2. 

Ideal water feeding is such that at all times the boiler is 
provided with sufficient water for safety and not enough 
to slop over into the steam main or superheater, thereby 
ruining a perfectly good turbine or engine. 

What is still more important, proper feeding must be 
continuous (not the on again, off again variety) and the 
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feed must bear a direct proportion to the change in load 
but not necessarily coincident with the load and at the 
same time the feeding must be such as to be a heat reser- 
voir during a decreasing load for use during the increasing 
load. 

Proper size of feed valve should always be installed, for 
it is possible to feed to a boiler at such a rate as to stop 
it from steaming. 

The ideal method of getting results is to have the wheel 
of the regulating valve calibrated to show to the water 
tender, the horsepower capacity at various openings of the 
valve. 

There is no question that the installation of a good 
automatic feed water regulator will accomplish just as 
good results as will be obtained from the use of the average 
water tender, and it is possible thereby to effect a saving 
of labor and uniform operation of the boilers. 








Water and Steam Piping for 


Air Compressors 


OOLING WATER for air compressor cylinder jackets, 
cylinder heads and intercoolers must always be turned 

on before the compressor is started. Sufficient water must 
be used to keep down the heat of compression. In case of 
stage compression the greatest efficiency is obtained by hav- 
ing the outlet water from the intercooler at a low tem- 
perature. The water supply to air cylinders and inter- 
cooler should be independent of each other and the flow 
controlled by a valve on the inlet. 

Always use city water when possible and avoid using 
dirty water, as it clogs the water jacket and reduces the 
cooling efficiency. Do not forget to shut off the water 
when the compressor is stopped and also open all jacket 
drains in freezing weather. Outlet water should flow into 
open funnels allowing frequent temperature readings to 
be made, a rise in temperature indicating deficient cool- 
ing, carbonized discharge valves, or leaking piston rings. 

Steam piping to air compressors should drain toward 
the compressor, for it is likely to contain low spots or 
pockets where water can accumulate, which would be car- 
ried into the steam cylinder and cause serious damage 
upon a sudden increase in air demand calling for a rapid 
flow of steam through the pipe. The use of a steam separa- 
tor and trap is recommended if the compressor is located 
some distance from the boiler. Its use increases the 
safety and economy as a result of supplying drier steam. 

Exhaust piping should be laid beneath the floor to the 
side of engine room, then vertically to the atmosphere. 
The pipe leading to the riser should pitch slightly toward 
it. The connection with the riser should be made to pro- 
vide a drain for condensation. On compound steam 
cylinders the receiver must be drained. The drain should 
always be opened before the starting and steam turned into 
the receiver through a bypass valve. The receiver as well 
as the steam cylinders should be thoroughly warmed by 
steam before starting. If a condenser is used, the main 
exhaust pipe will be connected to it but there should also 
be an opening to the atmosphere provided with an auto- 
matic relief valve. A stop valve should be placed in the 
exhaust pipe between the condenser and relief valve. 
Exhaust piping should drain toward the condenser, 

These notes appeared in Trade Standards prepared by 
the Compressed Air Society. 
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Combustion Control for Boilers” 


Factors WuicH INFLUENCE ContTROL. STEAM FLow, AiR FLow AND 
Fue. Freep SHouLp Form Basis or Reeutation. By R. J. 8S. Piaorrt 


N VIEW of the great diversity of method even today in 
I applying automatic control to boilers, it seems that there 
is still a great deal of misunderstanding as to what combus- 
tion control really is. It would therefore not be out of 
place, perhaps, to go back to basic facts, and examine why 
it is we need any automatic control, and what functions 
we ought to control. 

There are four distinct functions involved in i 
operation of a boiler: 

(a) Supplying air in the proper proportion to burn the 
fuel. (b) Supplying fuel at a rate to maintain the 
required steam output. (c) Mixing the air and the fuel, 
and burning them at a suitable temperature to result in 
as complete combustion as possible. (d) Absorbing the 
generated heat into the boiler proper. 

Air supply is based upon the chemical requirements of 
burning fuel, and is determined both by the amount of 
oxygen required per pound of fuel to burn it completely, 
and by the excess over this amount called for by the imper- 
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PERCENT RATING . 


OPERATING EFFICIENCY AND INPUT-OUTPUT CURVES 
FOR VARIOUS FIRING EQUIPMENTS 


FIG. 1. 


fect mixing provided by the fuel-burning device. It is a con- 
venient fact that the air required per 10,000 B.t.u. of any 
commercial fuel, from lignite to oil, is 7.6 lb. within 2 per 
cent; but this is of no help to regulation, since the require- 
ments of the fuel as fired vary from 6 to 14 lb., for reason- 
ably complete combustion. 

Excess air required is very largely determined by the 
firing equipment, and in a much smaller degree by the 
furnace. The hand-grate usually requires from 60 to 80 
per cent excess air to get its best results under good opera- 
tion; the older overfeed stokers, 55 to 65 per cent; the 
modern chain-grates, and the underfeed stokers, 40 to 55 
per cent; powdered fuel burners, or oil burners, 15 to 25 
per cent; surface combustion with gas, no excess air. 
These variations are almost wholly due to the differences 
in thoroughness of mixing the air and volatile combustible. 

Once the fuel, the fuel-burning equipment and the 
furnace are chosen, the air-fuel ratio is largely fixed, and 
will remain so unless the character of the fuel, the tem- 


*Abstract of paper presented before Metropolitan Section of 
the A. S. M. E, on April 30. 
+Mechanical Engineer in charge of design, Stevens & Wood, 


Inc. 





perature in the furnace or the mixing, is changed. This 
factor is one that can be automatically controlled, for the 
most part, and is the most important one affecting 
efficiency. 

Regulation of fuel supply in accordance with: output, 
the second function, constitutes the control for capacity, 
in order that the steam pressure should not fall too low 
to operate the connected prime-movers, or rise above the 
popping pressure of the safety valves. It is worth while 
at this point to break a lance on an old-established fetish 
of the boiler room, i.e., constant steam pressure. There is 
not, and there never has been, any direct relation between 
constant boiler pressure and efficiency. 

It should be clear that regulation to constant pressure 
cannot give proper capacity regulation. There is only one 
way in which this function can be satisfied, and that is 
by quantity-measurement of coal into the furnace in some 
suitable relation to steam output. To satisfy the first func- 
tion: i. e., proper proportioning of air and fuel, the air 
must also be simultaneously quantity-measured according 
to the same relation. 

It is evident from a consideration of the input-output 
curve or the efficiency curve of any boiler, that the ratio 
of fuel to steam is not the same at different loads. Figure 
1 shows these curves for various kinds of firing equipment, 
under normal conditions of installation, if one may use 
such a term in connection with modern boilers. 

Although the amount of fuel and air to steam is not a 
constant ratio, it follows a fairly regular law, and it is 
certainly possible to provide automatic quantity regulation 
of fuel and air in proportion to steam output. 

Mixing of air and fuel is largely determined in opera- 
tion by the firing apparatus and the furnace. In a similar 
way, the last function, absorbing the heat into the boiler, 
is a function of design, and is not materially affected by 
regulation, except insofar as the latter may affect furnace 
temperature and excess air. For our purposes, it may be 
disregarded for the present. 

POSSIBILITIES OF REGULATION 

From the foregoing consideration of the factors in- 
volved in firing the boiler, it should be self-evident that, in 
order to get the best possible efficiency out of a boiler 
installation, the fuel must be fed into the furnace every 
instant, with exactly the amount of air per pound of fuel 
required to burn it fully in the firing apparatus provided ; 
and for proper output, both fuel and air must be supplied 
every instant in proportion to steam output. To do this by 
hand requires simultaneous continuous observation of, say, 
seven indications—steam flow, steam pressure, CO,, stoker 
or feeder speed, uptake draft, furnace draft, and air blast 
—as usually provided hitherto. In addition, the operator 
must also see that his stoker is kept in proper condition of 
fire. It needs no demonstration to prove that such a set of 
conditions cannot be physically met. Add to the foregoing 
the storage effect of coal on the stoker, masking any results 
of adjustments the operator may make, and the case is still 
more difficult. Lastly, add to the preceding the knowledge 
that static pressures in drafts and blast do not tell the 
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operator what he needs to know, namely, quantity of air 
supplied, and it becomes a matter of surprise that the oper- 
ating efficiencies of stoker plants are as near the test 
efficiencies as they are. 

There is another, though smaller, advantage to be 
gained from automatic control, and that is also largely due 
to the fact that the regulator is functioning all the time. 
This advantage is the immediate adjustment of fires in 
case of sudden drop or increase in load. 

Before we can either control by hand or automatic, 
however, we must accomplish at least three things fairly 
accurately. We must meter steam output, fuel, and air 
input. We have hitherto neglected to do this, as can readily 
be shown. We often measure steam output, usually by 
flow meter ; but we have almost never attempted to measure 
rate-flow of fuel-input; but ordinarily we have either left 
this function to a guess by the operator, or have left it to 
a so-called regulator operated by blast-pressure. With 
regard to air, we have been deluding ourselves with the 
belief that static drafts on blast or uptake were measure- 
ments of flow; they generally are not. The uptake draft, 
if the furnace draft is kept constant, is a good measure 
of rate-flow of flue gases, provided also that the boiler 
passages are kept in the same state of cleanliness. Under 
all other conditions, it is of little value. But blast pres- 
sure for a stoker is never a reasonable measure of flow, 
since it may be altered from 50 per cent to 100 per cent 
by changes in the fuel bed, for any given flow. 

Furnace draft is the only static pressure in which we 
are interested. This must be kept slightly negative, to 
avoid overheating stoker fronts and doors, or blowing out 
flame or powdered coal, but must be kept as near zero as 
practicable, to keep down setting infiltration. 


MetHops oF ACCOMPLISHING REGULATION 
To establish automatic control, we must have the 
following functions performed : 

(a) Meter steam flow. (b) Meter coal feed in pro- 
portion to steam. (c) Meter air in constant ratio to coal. 
(d) Keep furnace draft slightly negative. The first im- 
pulse must come from steam flow, since this is the primary 
variable to which we must adjust the others. The device 
may be either the elements of a flow meter, or pressure- 
drop due to friction (which is really a form of flow-meter). 


It must be definitely recognized that the primary im- 
pulse must not, in any case, be a device aimed at holding 
constant pressure at the boiler outlet, or anywhere else, 
because this is setting up a system analogous to an isoch- 
ronous governor on a turbine: we cannot govern to abso- 
lutely constant speed -in a turbine without instability; we 
must permit a slight change in speed with load, in order 
to provide a stable governor. Similarly, we cannot produce 
stable equilibrium in any automatic regulator, without 
allowing a pressure change, with load. 

The primary impulse from steam flow must actuate the 
fuel feed in proportion to this flow, and the device must 
so operate that a given change in steam flow produces a 
definite proportional change in fuel flow; in other words, 
the regulator must be compensated. We have fairly good 
means ready to hand for metering coal flow, if coal is rea- 
sonably evenly sized, and moisture fairly constant, the 
speed of stoker chain or ram crank-shaft is a sufficiently 
accurate measure of coal rate-flow, by volume. Or in the 
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case of powdered fuel, if the moisture is fairly constant, 
and the powdered coal kept in about the same condition 
of aeration, the speed of feeder-screws is a satisfactory 
measure of fuel-rate. 

Similarly air flow must be regulated either direct from 
the steam-flow, or from the coal-flow, and must be com- 
pensated likewise. We may measure the air flow by the 
draft loss across the boiler surface, which is the difference 
between uptake draft and furnace draft: this measures 
flue-gas, it is true, but since the ratio between flue gas and 
air is a constant, provided the coal-air ratio is not altered, 
it is practically as satisfactory as measuring air direct, and 
in some cases may be more convenient. 

There are three ways these three operations may be 
interlinked : 

(a) Steam flow actuates fuel flow, fuel flow actuates 
air flow. (b) Steam flow actuates air flow, air flow 


EFFICIENCY 


Bru FURNACE 


FIG. 2. OPERATING EFFICIENCY AND B.T.U. PER CU. FT. OF 
FURNACE : 


actuates fuel flow. (c) Steam flow actuates air and fuel 
flow simultaneously. 


REQUIREMENTS OF REGULATOR DESIGN 


There are four characteristics which must be embodied 
in any successful automatic combustion control system. 
The regulator must be: 

(a) Stable. 

(b) Sensitive and speedy. 

(c) Reliable. 

(d) Powerful. 
Stability depends upon elimination of counter-pressure 
regulation, and upon the character of the compensation. 
Sensitiveness (which must also include accuracy and speedy 
response) should be high, or else the regulation will not 
improve much over hand regulation. It must be reliable 
—as rugged and simple as may be—or it has no place in 
a power plant. 

It has generally been the custom to buy such regulation 
as was available in uncorrelated units, and hang them 
around the plant, expecting them literally to perform a 
miracle. It is necessary that the power station designers 
consider automatic regulation as a part of the design, just 
the same as heat balance, and provide for application of 
the regulation system so that it is free to function, as a 
completely synchronized group of devices. 

In operation, there are two major troubles that tend 
to destroy the performance of any regulating system: first, 
the general disbelief that any mechanical contraption can 
possibly regulate a fire as well as an experienced fireman; 
second, expecting the apparatus to do things without atten- 
tion or supervision, that do not lie in its power. 
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Meter Types and Their Characteristics 


Comsustion Is JupGED BY CoMPARISON OF Excess AIR PERCENTAGE IN FLUE 
GasEs; INTEGRATING DrEvices NEED IMPROVEMENT. By C. D. ZiImmMERMAN 


ETERS measuring turbine condensate, except those 
M of the weir type, are usually subject to an inaccuracy 
due to the fluctuating discharge of the condensate pump 
which is usually present whether this pump is run on the 
throttle or the governor. In order to obtain an accurate 
measurement of the turbine water rate with any meter on 
the condensate, care must be taken to keep the condenser 
leakage below 1 per cent, which is usually accomplished 
by the aid of daily or weekly tests of the condensate. 

The turbine water rate can be estimated from the aver- 
age load, a vacuum and superheat with an accuracy of 
1.0 to 1.5 per cent if the water rates are checked from time 
to time with weighing tanks. As the desirable accuracy 
is 1 per cent, the advisability of using meters on the steam 
or condensate for this purpose is, therefore, questionable, 
as the probable accuracy of either type is 3 to 8 per cent. 
Installations in which a weir meter can be used are possi- 
ble exceptions. 

Integrating devices for flow meters have been somewhat 
improved, but the majority are still unreliable. 

There are three main types of CO, recorders or meters 
to measure the relative excess air—the steam flow air flow 
boiler meter, which shows the relative excess air; the- 
duplex recorder, which shows the per cent CO, and the 
per cent combustible gases; and the ordinary CO, recorder. 

The steam flow air flow boiler meter consists of a steam 
flow pen and an air flow pen which records the relative 
amount of gas flowing through the boiler and is actuated 
by the difference in draft between the superheater pass and 
boiler uptake. The air flow pen is set in such a way that 
it is parallel with the steam flow pen when the excess air 
is at the desired amount for which the meter was set. If 
the excess air is above the desired amount, the air flow pen 
rides above the steam flow pen and vice versa. 

Advantages of this meter are that it also shows the 
steam output of the boiler and the relative amount of gas 
flowing through the boiler which is of use in checking the 
character of the banking operations as the dampers should 
be closed and the gas flow through the boiler at a minimum 
when the boiler is banked. An additional feature which 
appears to have great advantages (especially for underfeed 
stokers) is a record on the same chart of the stoker speed 
with a scale such that under normal conditions the record 
of stoker speed is two spaces below the air flow and steam 
flow records. An indication is obtained thereby of the 
diligence of the fireman and variations from the proper 
excess air can usually be traced to faulty stoker speed. The 
temperature of the flue gas is also usually placed on the 
chart with the advantage of having it on the same chart 
with the record of the boiler rating. There is no confusion 
due to having these four records on the same chart. 

Two indicators showing the boiler rating and draft 
over the fire, are often placed on the same meter. Addi- 
tional advantages are that the time lag is practically 
nothing, the records are based on the total gas, which is 
difficult to do on wide boilers with a CO, recorder, and 
less care has to be taken to keep the lines air tight and 
the gas clean. Gas flow through boilers is often in strate- 





fied streams of different CO, content and temperature due 
to uneven fires on the stoker. Gas samples and flue gas 
temperatures should, therefore, be an average of the total. 

The duplex recorder gives on one chart the per cent 
CO, and per cent combustible gases. For the ordinary 
boiler set 3 to 10 ft. above the grate, there is a certain 
value of excess air for which the total losses are at a min- 
imum and if the amount of excess air is decreased, the 
total losses are increased due to the increases in the ash pit 
loss and the loss due to incomplete combustion of the gases. 
The use of the duplex recorder shows the operators the type 
of fire which results in the highest per cent of CO, without 
combustible gases. Whether this type of fire results in the 
minimum total losses can be determined only by analysis 
of the coal and ash. 

There are a number of successful CO, recorders, em- 
ploying chemical processes. Several CO, recorders are now 
available which do not use chemical but which are elec- 
trically operated and a guarantee is made on their degree 
of accuracy and time lag. 

Use of one CO, recorder with pipe connections to 
several boilers has proved unsatisfactory in cases which 
have come to the writer’s attention. The chief disadvan- 
tages are that the time lag is large and due to the large 
number of valves and fittings and the long piping, it is 
extremely difficult, if not impossible, to keep air from 
leaking into the pipes. 


TEMPERATURE RECORDERS 


Poor results with temperature recorders have often 
been due to a poor understanding of this type of meter 
on the part of the purchaser. Recorders actuated by vapor 
tension are more sensitive than those actuated by gas pres- 
sure, but have had until recently the disadvantage of the 
unevenly spaced chart which is difficult to average. A 
recorder of this type with an evenly spaced chart is now 
offered. The maximum range of this type of recorder is 
400 deg. F. Union sockets are more sensitive than sepa- 
rable sockets but have the disadvantage of being more diffi- 
cult to change as it is often necessary to cut out of service 
long steam or water lines before the meter: can be removed. 
Due attention should also be paid to the relation between 
the bulb size and the length of the capillary tubing as 
variations in the temperature of a long tube causes errors 
when it is used with a short bulb. The bulb length should 
be 60 to 70 per cent of the diameter or width of the area 
through which the medium measured flows. A bulb can 
often be made longer than the diameter of the pipe for 
which it is to be used if this is necessary by placing it in 
an elbow. As all recorders must be checked periodically 
by a standard thermometer, a thermometer well, as long 
or longer than the recorder bulb, should be inserted 
wherever possible near the recorder bulb. 

Some companies are using a thermo-couple or a series 
of thermo-couples to measure flue gas temperature or check 
existing recorders, as difficulty is encountered where there 
is only a few feet between boilers in obtaining an accurate 
measurement of the average flue gas temperature across 
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the boiler uptake with thermometers of the ordinary indi- 
cating type. 

Ten out of sixteen stations report the use of a tem- 
perature recorder for the exhaust steam from the main 
turbines. If this recorder is used only as a check on the 
operation and a high degree of accuracy is not essential, 
a bulb 6 to 8 in. long, placed almost anywhere in the 
exhaust chamber, is sufficient. If a high degree of acctracy 
is desired and especially if the exhaust temperature is to 
be used to determine the air leakage by comparing it with 
the absolute pressure in the condenser, great care must be 
taken in determining the size'and location of the bulb. 
Due to the high velocity of the steam coming out of the 
turbine and the rotation of the wheels, the flow of steam 
is exceedingly uneven across the exhaust chamber and 
bulbs placed near the wheels are subject to an error due 
to the impact of the high velocity steam. For these reasons 
the bulb should be placed as far from the turbine wheels 
as possible—just above the condenser tubes is probably the 
best location. Due to the uneven flow, a large bulb 3 to 5 
ft. long, or two bulbs joined to one capillary tube and 
placed about a quarter the distance from each end of the 
condenser, would probably be the best. As the flow of 
steam is from the turbine, through the exhaust chamber, 
and to the middle or bottom of the condenser, this bulb 
can be used only to detect air leaks above its location. An 
installation similar to that described ahove has been used 
to determine the air leakage with a large amount of success. 
The most reliable method and a method which shows the 
presence of an air leak in any part of the unit, is the 
Worthington system by which the air removed from the 
condenser is measured through an orifice. 

A device has recently been developed by one of the 
manufacturers which protects thermometer recorders from 
rises in temperature beyond the desired range of the 
instrument. This is of particular value for temperature 
recorders used on turbine units. 

Vacuum recorders, whether the scale is 0 to 30 or 20 to 
30, are more inaccurate than the usual vacuum temperature 
recorders as a measurement of the vacuum and cannot be 
used for computations. . 

The use of pens suspended from the top of the instru- 
ment is becoming more common and has the advantage of 
being free from ink corrosion. The use of instrument 
boards is also becoming more common. Draft gages for 
operating purposes, using colored liquid as an indicator, 
have proved somewhat unsatisfactory due to leakage and 
evaporation of the liquid and clogging of the passages with 
dirt. Draft gages using bellows or submerged bells, are 
more satisfactory, the submerged bell type being the most 
accurate. For research and test work, the inclined draft 
gage or U tube is still the most reliable and accurate. 

There are various methods, both electrical and chem- 
ical, for determining the concentration of condensate water. 
A recorder actuated by a thermo-couple has been used for 
this purpose but data on its reliability is not available. 
Another installation is an indicator which can be connected 
to any one of several thermo-couples. 

A summary of a questionnaire sent to 16 stations 
ranging in capacity from 40,000 to 203,000 kw., shows 
the following: Practically all companies report the meters 
as satisfactory with one or two exceptions or reservations 
which have already been discussed. 
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Ten stations measure the water to groups of boilers by 
means of Venturi meters, two of which have Venturi 
meters on individual boilers. Two stations measure the 
water to groups of boilers by means of orifice or nozzle 
meters and four stations measure this water by means of 
weir meters. 

Steam from each boiler is measured in every station 
but one. 

Steam to the turbines is measured in nine stations. 
In four of these stations the condensate is also measured, 
wo using orifice meters and two using Venturi meters 
for this purpose. In three stations the condensate only is 
measured, one using a weir meter, one an orifice meter 
and one a Venturi meter. Four stations do not measure 
either the steam or the condensate.. 

Two stations report the use of a blow down meter. 
Ten stations report the use of a steam flow air flow 
boiler meter as a guide to the fireman, and four of these 
also report the use of a CO, recorder on the same boiler. 
Three stations report the use of a CO, recorder alone, and 
one station reports the use of the duplex recorder. Several 


NUMBER OF MEN REQUIRED FOR METER MAINTENANCE IN 
POWER PLANT 



































Station Boilers Recorders Meter Recorders 
Capacity | Number Size | Boilers Turbines; Total Men Per Man 
40,000 4 1375 42 10 52 2 26 
4 1456 
45,000 6 1372 25 r 29 1 29 
60,000 26 600 23 4 oe 12684 10-27 
90,000 12 1500 27 17 44 1&3 * 10-44 
60,000 8 1500 19 15 34 l1ae* 10-34 
100,000 10 1262 100 21 121 3 40 
7 1384 
120,000 13 ? 80 40 120 3 40 
150,000 18 1890 24 12 36 .* 36+ 
180,000 4 2365 20 20 40 4 10 
258,000 77 686 131 34 165 4 41 
4 3060 
































* Used on both, meter and test work. 


makes of CO, recorders are reported as used. Two stations 
do not use any meter for, this purpose. 

Thermometer recorders of the gas filled or vapor tension 
type, are used almost universally on boiler and turbine 
units, One station reports the use of thermo-couples at 
each end of the superheater and two stations report the 
use of thermo-couples for flue gas temperatures. 

The number of men used on meter work varied from 
one to four, and the period of checking meters varied 
from two weeks to six months, with the exception of CO, 
recorders, which are usually set daily. One large station 
checks its CO, recorders twice a day. One company 
operating three large stations reports that no men are 
used on meter maintenance and no definite schedule of 
meter inspection is used. In these stations each operating 
department takes care of its own meters. Although this 
system may be successful in some cases, it has failed in a 
large number of cases. The accompanying table gives an 
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indication of the number of men needed on meter main- 
tenance work. 

As the most important use is the determination of 
data from which the boiler efficiency can be calculated, 
this should be the first consideration. The meters neces- 
sary for this service are a meter to measure either the 
water to the boilers or the steam from the boilers, and 
temperature recorders for the water to the boilers and 
the steam from the boilers. In cases where the water 
blown down from the boilers is greater than 3 to 4 per 
cent of the total, a steam-flow meter is of more value than 
a water meter and the use of both is recommended 
wherever possible. Where no superheated steam is used, 
a thermometer recorder for the temperature of the steam 
is not always necessary to determine the boiler efficiency 
but is usually of great value in showing the character of 
the water feed and in improving this to what it should 
be by giving a record of the-time and amount of “shots” 
of water from the boilers. 

In the following outline are given the meters required 
for a typical installation. The meters for miscellaneous 
use are mainly of value where considerable planning work 
is done and results are followed in detail by the calcula- 
tion of the performance by means of a heat balance or 
similar report. 

INSTRUMENTS FOR BoILers IN SMALL BOILER PLANTS AND 
PoWER PLANTS: 

Water to group or steam from each or both. 

Excess air meter or CO, recorder. 

Temperature recorder for water to group, steam and 

flue gas from each. — 

Indicating draft gages, for furnace, wind box, uptake. 
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EcoONOMIZER INSTRUMENTS: 
Temperature recorder for gas and water from econo- 
mizer. 


TURBINE INSTRUMENTS: 

Weighing tanks for water rate tests or weir meter. 
Recording thermometer for steam to turbine, and 
condensate from turbine. Indicating thermometer 
for steam to turbine, water in and out of each con- 
denser. Standard gage board. 


MISCELLANEOUS INSTRUMENTS: 

Flow meter for make-up. Recording thermometer for 
exhaust steam from each set of auxiliaries. Watt- 
meters to measure electric power to boiler room as 
separate from station use. 


METER IMPROVEMENTS 


Improvements in the reliability and accuracy of steam 
flow meters and integrating devices in general are greatly 
needed. Considerable improvement in the use of power 
plant instruments can also be made by the users themselves 
by taking greater precautions in installing the meters 
properly. When the fact is considered that the value of 
power plant instruments depends largely on the confidence 
placed in them by the operating men, it may be seen that 
no reasonable installation expense should be saved at a 
sacrifice of the future reliability of the instruments. This 
is particularly true of piping for flow meters which should 
be of such reliability and workmanship as to be as leak 
proof as possible. 

Acknowledgment and thanks are due the operating 
companies to which the questionnaire was sent for their 
generous contributions to the subject matter of this article, 
also to several of the instrument manufacturers. 


Recent Developments in Pipe Insulation 


For High TEMPERATURES SPECIAL INSULATION May BE UsEp NExtT TO 
THE Pier witH High Heat ResistiINc MATERIAL AS AN OUTER COVER 


Sep PIPES must be insulated to prevent the flow 
of heat from the outside of the pipe to the surrounding 
air. There is no advantage in furnishing dry steam at 
the boiler if bare or improperly covered pipes deliver steam 
at the point where it is to be used at a great loss in 
temperature or in a wet condition. The fact of the matter 
is that each B.t.u. lost by radiation from a steam pipe 
represents about 1.4 B.t.u. which must be supplied from 
the coal pile, this being based upon a boiler efficiency of 
about 90 per cent. 

Flow of heat from the liquid in a bare or insulated 
pipe to the outside surrounding air is measured by the 
number of heat units (B.t.u.) that flow through the walls 
of the pipe, or insulation, or both, and it is usually ex- 
pressed in the number of B.t.u. that flow through an area 
of one square foot in one hour. This is the basis of most 
radiation curves and tables. 

Rate of flow through a certain thickness and at a certain 
difference in temperature determines the conductivity of 
the material through which the heat flows. A smaller 
number of heat units flow through a material with low 
conductivity than one with high conductivity. The rela- 
tive efficiencies of various insulating materials may ‘be 
appreciated by comparing their conductivities under similar 


at 


conditions. A material which would offer no resistance 
to the flow of heat may be said to have an insulation 
efficiency of zero and an insulation that would allow no 
flow of heat through it would be 100 per cent efficient. 

Efficiency of an insulating material is expressed by a 
percentage which is the per cent saving which would be 
effected by insulating a pipe with that material over what 
would be lost if the pipe were left bare or uninsulated. 
The efficiency per cent is obtained by subtracting the heat 
loss of the insulated pipe from the heat loss of the unin- 
sulated or bare pipe and dividing the difference by the 
heat loss from the bare pipe. 


HicHErR TEMPERATURES ARE BEina USED 
During the past few years there has been a tendency 
among engineers to use higher and higher steam tempera- 
tures. The reason for this is to raise the overall efficiency 
of the plant. The point has been proven and it has there- 
fore become necessary to adapt power plant equipment to 


. the new conditions. This has made it necessary to develop 


a pipe insulation which will withstand temperatures of 
750 deg. F. and above. 

It is a known fact that most insulating materials which 
were entirely satisfactory for temperatures of 500 to 600 
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deg. F. cannot be used economically or with satisfaction 
_at temperatures much in excess of the higher figure. For 
example, 85 per cent magnesia is a highly efficient and 
satisfactory insulation for high pressure steam and low 
superheat conditions but, unfortunately, it is not entirely 
satisfactory for use on pipes at temperatures above 600 
deg. F. 

It is known that 85 per cent magnesia calcines seriously 
at temperatures above 600 deg. F. and at such temperatures 
the material is calcined to such a depth that serious dis- 
integration takes place. The calcining effect is accom- 
plished by a shrinkage in volume of about 15 per cent, 
which not only causes the material to crack but also opens 
up the joints and therefore causes considerable increase 
in heat loss. 

Two Matrerrats May Br USseEp 


To meet the requirements of high steam temperatures 
some companies prepare a high temperature insulation 
which not only takes care of the present high steam tem- 
peratures but which is suitable also for temperatures up 
to 1200 deg. F. This not only assures adequate provision 
for the maximum steam temperatures used so far but it 


FIG. 1. APPLICATION OF HIGH TEMPERATURE INSULATION 
WITH OUTER COVERING AS PRACTICED BY JOHNS-MANVILLE 


also takes care of higher ranges of temperature which may 
come into use with future developments. A _ practical 
method of overcoming the high temperature conditions 
efficiently and economically is, first, to insulate the pipe 
or hot surface with a high temperature insulation and 
then apply outside of this a layer of 85 per cent magnesia 
or other insulation, as illustrated in Fig. 1. In this con- 
struction advantage is taken of the higher efficiency of 85 
per cent magnesia, or other insulation, at the lower 
temperatures, where its use is satisfactory. 

High temperature insulation should have good insulating 
value and should be used in thicknesses sufficient to reduce 
the temperature to a point which will not affect the more 
efficient 85 per cent magnesia insulation, or other insu- 
lation, which is applied over it. High mechanical strength, 
good heat resistance, and extremely low shrinkage at high 
temperatures are required of a high temperature insulation. 

This combination outlined above is superior to either 
material used alone and it results in an insulation which 
will withstand high temperatures without deterioration, as 
evidenced by shrinking and cracking and which has a 
high insulating value and high heat resistance. 

In Fig. 2 is shown graphically the magnitude of heat 
lossés from bare pipe and the saving that may be effected 
by proper insulation. The upper curve shows the heat loss 
from a bare pipe at various temperatures and the lower 
zigzag shows the loss from the same pipe if insulated with 
the proper materials for the different temperatures. The 
shaded portion between the upper and lower curves indi- 
cates the efficiency of the insulation. The letters opposite 
each of the lower lines refer to the legend in which is 
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given a description of the proper insulation for that range 
of temperature. 

As the temperature of the steam increases the cost of 
insulation usually increases; therefore, the insulations 
which are given on the chart show decreasing heat loss for 
the higher temperatures. The chart should be used to 
show the loss in B.t.u. per square foot per degree tempera- 
ture difference per hour from uninsulated pipe and pipe 
insulated as shown in the legend. Due to the logarithmic 
scale to which it is plotted and the fact that it represents 
only one size of pipe, it is not practicable to take heat 
losses from it. Of course, the heat losses from different 
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size pipes would be relatively the same but not numerically 
equal to those given on the chart. 

As reported by the N. E. L. A., there has been produced 
what is termed the blue asbestos blanket or mattress, which 
is particularly desirable where frequent removal of insula- 
tion may be necessary. Trials made from this fiber show 
a good tensile strength. The specific volume of the mate- 
rial when fiberized is 25 per cent greater than the equal 
quality in white asbestos, weight for weight. Acids, alkali, 
sea-water and steam have no detrimental effects upon it. 

These blankets or mats are constructed of two layers 
of 100 per cent pure blue asbestos cloth, filled with long, 
light, well-prepared, resilient, blue asbestos fiber and sewn 
around with 100 per cent pure blue asbestos sewing twine, 
stitched at close intervals to prevent the fiber from shift- 
ing. The thickness is regulated to suit the job. The mats 
are prepared in but few sections to facilitate easy and quick 
handling whenever an inspection of the objects so covered 
has to be undertaken at short notice. 
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Motor Applications in the Boiler Room 


REcENt CHANGES IN METHODS oF CoNTROLLING STATION HEAT BALANCE 
Has RESULTED IN THE INCREASED UsE oF Motor Drives. By H. W. Su1rru* 


OR THE DRIVING of auxiliary apparatus in the 
boiler rooms of our power stations, the electric motor 
has steadily gained favor. This is due not only to the 
inherent advantages of the electric motor itself but also to 
the change which has been brought about in the methods 
of maintaining the station heat balance. Previous to the 
use of bleeder steam, it was necessary to use a certain 
number of steam driven auxiliaries in order to supply 
sufficient exhaust steam for heating the feed water. Today 
however, low pressure steam for heating feed water is bled 
from the main units and the necessity for steam driven 
auxiliaries has been eliminated, and electric motors are 
being installed. 
In order to discuss in detail the application of the 
electric motor to the driving of boiler room auxiliaries it 




















FIG. 1. A TOTALLY ENCLOSED MOTOR APPLICABLE TO 
STOKER DRIVES a 


is necessary to take up each type of apparatus separately 
and to study its service requirements. We shall, therefore, 
first take up the-question of stoker and clinker grinder 
drives. 

The essential requirements of underfeed stoker service 
are constant torque and wide speed range. The usual 


*General Engineering Dept., Westinghouse Electric & Mfg. Co. 





speed range being—four to one. The greater this ratio 
and the smaller the increments in speed adjustment the 
more satisfactory the stoker operation will be, provided the 
control system is not too complicated. 

_ In order to simplify the electrical control, mechanical 
transmissions are sometimes used to obtain speed varia- 
tion. In connection with constant speed, 2-speed or wound 
rotor induction motors, they sometimes supply all the 
speeds desired for clinker grinder or stoker control. There 
are two types mainly used. One consists of two parallel 
shafts, each of which carries a pair of cone faced spline 
mounted discs on which runs a special V-shaped belt. The 
two pairs of discs are operated by shifting levers, so that 
as one pair is separated, the other pair is brought together, 
causing the V-belt to run over a smaller diameter of one 
pair and a larger diameter of the other. This increases 
or decreases the speed ratio between the driving and the 
driven shaft. The other type is similar to the ordinary 
automobile transmission. Four speed ratios forward and 
one reverse are obtained by means of a gear shift and 
hand operated clutch. In combination with a wound rotor 
motor a speed range of 1 to 10.7 can be obtained. 


D. C. Motors AND CoNTROL FOR STOKER AND CLINKER 
GRINDERS 


Where direct current is used the usual voltage is 230, 
although in a few cases 500 v. has been used. The types 
of construction used are either drip proof or totally en- 
closed. In most cases drip proof construction is sufficient 
to protect the motor. Solid covers are used over the upper 
end of each end bell and expanded metal over the lower 
half. The motors should have special insulation to pro- 
tect the windings from conducting dust, which is liable to 
penetrate the windings and cause short circuits. Figure 1 
shows a totally enclosed motor, while Fig. 2 shows installa- 
tion of drip proof motors at Colfax Station, Duquesne 
Light Company. 

The most satisfactory method of speed control is by 
shunt field control. Another method is by, a combination 
of field and armature control. This method sometimes 
allows the use of a smaller motor but has low efficiency 
on the armature control points. The great objection, 
however, is the difficulty of determining the amount of 
resistance to use. When armature control is used, the 
speed varies with the load, so that it is necessary to pre- 
determine accurately the required torque in order to obtain 
the correct speed. In a new installation, it is generally 
necessary to change the resistors after the stoker parts are 
worn in and require less power. Drum controllers are 
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FIG. 2. INSTALLATION OF DRIP PROOF MOTORS AT COLFAX 
/ STATION 


used, hand operated, but sometimes arranged to be driven 
by a chain from some form of regulator for automatic 
operation. About 16 speeds are generally given with a 
range from 300 to 1200 r.p.m. 

For 60 cycle service, 2 and 3 phase 220-440-550 v. 
2 speed wound rotor motors can be used. These motors 
operate as ordinary wound rotor motors reducing the speed 
from 1200 to 600 by insertion of resistance in the sec- 
ondary. At this point the resistance is cut out and the 
winding pole is changed, connections being changed to 
correspond to 12-pole or 600 r.p.m. By insertion of 
resistance again the speed is varied from 600 to 6300 r.p.m. 

Control equipment consists of a drum contactor con- 
troller with a pole changing and protective panel. Nine- 
teen points for speed adjustment are provided. For push 
button control the controller is operated by a small pilot 
motor. The motors are of drip proof type with covers over 
the openings in the end bells away fronf the collector ring 
end, and hoods over the openings in the frame. Solid 
covers are provided over the collector rings and the two 
lower openings are left open. Motors are available rated 
at 30 hp., 15 hp., and 71% hp. at the top speed of 1200 
r.p.m. The use of a wound rotor motor has the same 
objection as armature control of d. c. motors, and it is 
generally necessary to change the resistance steps after the 
stoker is worn in to get correct speed increments. 


2 AND 4 SPEED SQUIRREL CAGE Motors 


These motors are used in connection with mechanical 
variable speed transmissions. Pole changing is accom- 
plished by a manually operated drum controller giving 
speeds of 1200 r.p.m. and 600 r.p.m. The motors are 
started by throwing them on the line in the 12-pole con- 
nection. A protective panel provides overload and low 
voltage protection if desired. Figure 3 shows the drip 
proof construction for squirrel cage motors. 

Four speed squirrel cage motors are either with or 
without mechanical variable speed transmission. By pole 
changing speeds of 1800, 1200, 900 and 600 r.p.m. are 
obtained. The motors are started by throwing on the line 
on the 12-pole connection. ‘Two separate windings are 
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used on the stator and since at all times one of the wind- 
ings is idle, the size of the motor is larger than a double 
winding machine to obtain the same horsepower rating. 


FORCED AND INDUCED Drarr FANS 


In a fan, the discharge varies as the speed, the pres- 
sure as the square of the speed and the horsepower required 
as the cube of the speed. In selecting motor equipment, 
therefore, it is necessary to know accurately the fan char- 
acteristics. The operation of a boiler must not be endan- 
gered by the possibility of fan failure. Consequently, a 
certain amount of efficiency is.often sacrificed to make the 
equipment as simple and .dependable as possible. The 
motor and control equipment must operate for considerable 
periods without shutdown. Standard wound rotor induc- 
tion and direct current motors have proved themselves 
thoroughly reliable for this service. Magnetic contactors 
and controller for power house application are required to 
carry only 50-80 per cent of the normal rating for indus- 
trial service. 

Conditions under which the draft fan motor must 
operate depends on the location of the fan in the power 
house as well as on the speed cycle required of the fan. 
In most cases, the forced draft fan operates in a clean, 
cool place, and receives an ample volume of air for cooling. 
On the other hand, an induced draft fan must operate 
close to the boiler and stack when the temperature, par- 


-ticularly during the summer, reaches very high values. 


Where the ambient temperature is high the motor should 
be liberal in rating to prevent excessive insulation tem- 
perature. 

A draft fan requires considerable speed variation in a 
large number of steps. In most cases a speed range of 
2 to 1 will take care of the range through which modern 
boilers are operated, generally from 150 to 300 per cent 
of their so-called normal rating. 


Wounp Rotor Motors 


Where the power supply is alternating current, it is 
recommended that wound rotor motor be used. Although 




















FIG. 3.. VIEW SHOWING DRIP PROOF CONSTRUCTION FOR 
SQUIRREL CAGE MOTORS 











the efficiency is decreased as the speed is reduced by insert- 
ing resistance in the rotor, the power required by the fan 
drops off so rapidly that the actual power loss is not serious. 

For the control of wound rotor motors there is a variety 
of equipment available. ‘ 

For hand control there are control equipments con- 
sisting of a slate panel, on which is mounted on oil circuit 
breaker for the primary circuit, electrically interlocked 
with a drum controller mounted in a horizontal position 
at the rear of the panel. The face plate and hand wheel 
of the controller are mounted on the panel and the whole 
is supported by substantial framework of iron pipe. Con- 
trollers must have from 9 to 13 points according to size 
and type. 




















FIG. 4. MOTOR OPERATED DRUM CONTACTOR FOR CONTROL 
oF 200-HP., 3-PHASE, 2300-v. MOTOR 


Where it is desired to separate the drum controller 
from the primary circuit breaker, a drum controller may 
be used with separately mounted contactor, electrically 
operated or hand operated circuit breaker. 

For remote push button control, an equipment con- 
sisting of a motor operated drum contactor controller 
operated by means of a push button station can be used. 
The pilot motor is of the reversing type and can be either 
a. c. or d. ec. Fast and slow relays are mounted on a 
panel within the controller. These relays are operated 
from corresponding push buttons at the remote push button 
station. A notching drum is mounted on the cam shaft. 
When the fast or slow push button is pressed the cor- 
responding relay closes and operates the pilot motor to 
rotate the cam shaft and change the resistance in the motor 
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secondary. When the push button is released the notching 
drum holds the relay circuit closed until the next running 
point has been reached. This makes is impossible for the 
controller to stop in a position midway between two operat- 
ing points. A magnetic brake on the motor is released 
when the motor is operated and stops the motor quickly 
as soon as power supplied to the pilot motor is interrupted. 
This equipment gives 13 operating speeds with a range of 
2 to 1. Figure 4 shows an equipment built for 200 hp., 
3-phase, 2800 v., 60 cycle, 14-pole motor for the Common- 
wealth Edison Co. 

Another type for remote operation is the magnetic con- 
tactor type operated by a master switch. This apparatus 
consists of a panel on which is mounted a primary con- 
tactor and a number of secondary contactors. The resistor 
is separately mounted. Control is from a remote master 
switch. When the master switch is moved to the first 
point, the primary contactor closes and the motor starts 
with all the resistance in the secondary circuit. The motor 
will then operate the fan at the lowest speed with all of 
the secondary resistance in circuit. As the master switch 
is moved further ahead, the secondary contactors close one 
at a time and short circuit sections of the secondary 
resistor which causes the motor to speed up. In this way 
a number of operating speed points are obtained. The 
motor is prevented from accelerating too rapidly by means 
of current accelerating relays. If the master switch is 


. moved from the off position to the highest speed point the 


motor will accelerate gradually to the maximum speed. 
The accelerating relays will prevent each successive sec- 
ondary contactor from closing until the current has de- 
creased to a predetermined value. In the case of voltage 
failure, all contactors drop open and on return of voltage 
the motor is again accelerated automatically to its former 
speed. These controllers are designed from 5 to 7 speed 
points. 

Another possibility is the use of a motor operated 
water rheostat for secondary control with an oil circuit 
breaker or contactor for the primary. This type of control 
gives an infinite number of steps of speed control with very 
few parts. 

In some cases where it is advisable to work boilers 
through a large range, it is necessary to have a greater 
range of speed, perhaps 3 to 1. Instead of using one large 
motor for the whole range of. speed, a saving-is made by 
using two motors, the larger motor being connected to the 
shaft of the fan through a magnetic clutch. The attached 
curves, Figs. 5 and 6, show two examples showing the 
reduction in losses of the two motor equipment over the 
single motor. 

During the past few years, some installations of poly- 
phase brush shifting motors have been installed for driving 
forced and induced draft fans. 

These motors have a stator like an ordinary induction 
motor with a rotor like a direct current motor except that 
the armature voltage is not over 80 to 90 v. Brushes on 
the commutator are connected to the secondary of a series 
transformer, the primary of which is in series with the 
stator. Variable speed is obtained by shifting the brushes 
on the commutator. This transformer lowers the voltage 
and increases the number of phases applied to the motor. 
In order to obtain the speed range for fans, it is necessary 
at some point to change the motor stator from delta to 
star, which requires automatically shifting the brushes to 
compensate for the change in speed. , 
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USE OF TWO MOTORS FOR FAN DRIVES SHOWS GAIN 
IN EFFICIENCY 


FIG. 5. 


_ These motors have a good efficiency and can be obtained 
for a speed range of 3 to 1. The commutator and brushes 
are much larger than a d. c. machine and the first cost 
75 per cent to 150 per cent greater. With a greatly 
increased maintenance for brushes and commutator it is 
doubtful whether they are better than the wound rotor 
induction motor or d. ce. motor supplied from a motor 
generator set. 

Where direct current is used 230 v. shunt wound motors 


1-|150 
1-| GO 


, NGO}RPM. 
670/RPM 


FIG. 6. ANOTHER COMBINATION FOR TWO-MOTOR FAN DRIVE 


ENGINEERING 


703 


are used with field control to give a 2 to 1 speed range. 
For control equipment two types are available. 

One consists of a slate panel on which are mounted 
two single pole carbon circuit breakers of the required 
size: The current breakers automatically trip and open 
the circuit on overload. Immediately in front of the panel 
and supported by the same framework is mounted a type 
“S” hand operated drum controller. This controller has 
several accelerating contacts which progressively short 
circuit portions of the armature resistor in starting. The 
motor stars with full field. When the last accelerating 
point is reached, the motor runs at the lowest operating 
speed. Moving the controller handle further cuts in field 
resistance step by step and increases the motor speed up 
to the maximum. The resistors are mounted in an angle 
iron framework directly behind the panel. The whole 
framework is enclosed by steel panels which protects the 
resistors from injury and reduce the hazard to operators. 

The other type consists of a magnetic contactor type 
operated by a combined drum master switch and field 
rheostat. 

The equipment comprises a number of shunt accelerat- 
ing magnetic contactors, a multi-point accelerating relay, ‘ 
necessary starting resistance, one shunt line contactor with 
blow-out coil, a hand reset overload relay, and a, double 
point knife switch. The drum master switch combine the 
master contacts, the field regulating points and field 
resistors, giving remote control as well as speed regulation 
from one point. 


BorLer FEED Pumps 


In most cases boiler feed pumps are driven by variable 
speed motors, though in some cases constant speed motors 
are used and the discharge is throttled. 

There have been requests for 3600 r.p.m. wound rotor 
motors for driving boiler feed pumps. At the present time 
large 3600 r.p.m. wound rotor motors are considered to 
be an engineering risk requiring development and operat- 
ing experience before they can be recommended for the 
severe duty in central stations. Synchronous or squirrel 
cage motors can, however be built, and at present 2-600 
hp., 3600 r.p.m. squirrel cage motors are being constructed 
for the Commonwealth Edison Company for boiler feed 
pumps. 

Coat HanpLIna EquiPMENT 


Coal and ash conveying systems are generally in dupli- 
cate or have reserved capacity so that continuity of service 
is not so essential. Low voltage motors 440 v. or 220 v. 
are generally used for driving conveyors, though where 
coal tower or bridges are necessary the large amount of 
power often necessitates 2300 v. The general problems of 
application of motors and control to conveying systems do 
not differ at all from standard industrial application and 
need not be discussed in this article. 


INDIVIDUAL ELECTRIC plants are not widely used on 
farms in Great Britain but are found to a considerable 
extent on large country estates and are becoming increas- 
ingly popular for use in small country bungalows, accord- 
ing to reports from the Department of Commerce. As a 
rule, they could be arranged to furnish power for pumping 
or for other industrial purposes but in practice are rarely 
so used. They are probably most popular in Scotland, the 
American Consul at Glasgow estimating that there are 
from 6000 to 7000 in the whole of Scotland. 











Transverter Makes Its Bow at 
Wembley 


Converts D. C. at 100,000 v. to A. C. at 
3000 v. witH A Set oF REVOLVING 
BRUSHES AS THE ONLY Movine MEMBER 


RANSVERTER is a name coined from the transformer 
and rotary converter, whose functions it combines, but 
the only moving part is a set of revolving brushes and the 
apparatus has little resemblance to either of its component 
parts. It had its origin in the effort to convert alternating 
current to high-voltage direct current, but is reversible and 
the set at Wembley is intended for converting from direct 
current to alternating. It can also be used, if so desired, 
for converting alternating current of any voltage and fre- 
quency into alternating current of any other voltage and 
frequency. 
PRINCIPLE OF ACTION 


To get an idea of the method by which the transverter 
works, consider the action of a ring-wound armature in 
a two-pole field. Ordinarily, the armature is revolved in 
the field to generate electromotive force but the same result 
could be obtained by revolving the field about the armature. 
The brushes would, of course, have to revolve with the 
field to keep them at the proper point for commutation. 
Revolution of a field about the armature may be accom- 
plished by actually moving a pair of field poles or by 
creating a revolving field by the use of three-phase alter- 
nating currents as is done in the case of induction motors 
and the latter is the method used in the transverter. 

Having arrived at a set of stationary coils swept by a 
revolving field, we can cut the ring up into sections and 
place them in any arrangement most convenient, just so 
long as we keep them connected in the proper order, have 
them swept successively by a magnetic field and have them 
connected to a series of commutator bars over which a set 
of revolving brushes travels in synchronism with the 
motion of the magnetic field. 


Some ActuaL DETAILS 

All that the revolving field does to the windings of the 
ring-wound armature is to create a rising and falling mag- 
netic field in the core of each armature coil. The same 
effect is produced on the secondary of a stationary trans- 
former by the rise and fall of the current in the primary, 
so, if we arrange a series of three-phase transformers, 
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FIG. 1. TRANSFORMERS AND WINDINGS OF THE TRANSVERTER 
CASE REMOVED, WITH MOTOR AND COMMUTATOR 
DISKS AT THE REAR 


having the secondaries connected in series and the primary 
currents producing a magnetic field of the same intensity 
in each transformer but with the magnetic cycles following 
successively at a slight phase difference, the e.m.f. resulting 
in the circuit made by the secondaries in series will be the 
same as that produced in the winding of the ring armature. 

By having two secondary windings on each core and 
connecting them into two series in opposite relation, the 
effect of the two sides of the ring-wound armature is 
produced. The phase difference in primary magnetic 
fields is produced by using different combinations of 
windings from the three phases of the alternating current 
circuit. Thus, for three-phase transformer No. 1, use one 
coil of 30 turns of phase A for the primary winding on 
each core. For transformer No. 2, use 26 turns of phase 
A and 6 turns of phase C, reversed, on one core; use, 26 
turns of phase B and 6 turns of phase A, reversed, on the 
second core, use 26 turns of phase C and 6 turns of phase 
B, reversed, on the third core. For the third transformer, 
use 22 turns of phase A and 12 turns of phase C, reversed, 
on the first core; use 22 turns of phase B and 12 turns of 
phase A, reversed, on the second core; use 22 turns of phase 
C and 12 turns of phase B, reversed, on the third core. 
Other transformers will take windings to produce a like 
phase difference between magnetic cycles but all will have 
the same maximum magnetic field. The phase difference 
used in the transverter is 10 deg., the magnetomotive force 








FIG. 2. TRANSVERTER BRUSH GEAR MOUNTED ON THE DRIVING SHAFT 
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of transformer No. 2 lagging 10 deg. behind that of No. 1 
and that of No. 3 lagging 20 deg. behind No. 1, and so on. 


CONSTRUCTION OF WEMBLEY MACHINE 


In the first experimental machine built by the English 
Electric Co., Ltd., which was of 250 kw. capacity, six 
three-phase transformers were used but in the Wembley 
machine, which is of 2000 kw. capacity, three six-phase 
transformers are provided. These are oil cooled and have 
an oil reservoir on top of the case to take up expansion 
of the oil with change in temperature. Connections from 
the secondary coils are made to a series of ten disk-type 
commutators so as to give a wave winding connection as 
for a six-pole machine. Each commutator corresponds to 
one-tenth of a ring-wound armature, revolving in a six-pole 
field and there is no connection of the sections except 
through the brushes which are connected in series so that 
the terminal e.m.f. of the machine on the direct-current 


’ side is the sum of all the e.m.f.’s generated in the secondary 
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Hydro Station Receives Atten- 
tion Once a Month 


AUTOMATIC FEATURES OF MICHIGAN 
PLANT MAKE SMALL WATER Power DE- 
VELOPMENTS EconomMIcAL. By C. SHAFER 


N AUTOMATICALLY controlled generating station 
has recently been placed in operation on the Portage 
River at Three Rivers, Mich., by the Michigan Gas & 
Electric Co. The plant operates without human atten- 
tion except for a monthly visit when the governing time 
clock is wound, and at full load delivers 148 kw. to the 
line. This station is connected to a large transmission 
system and is used only as an auxiliary source of power, 
going on the line at 12 p. m. daily and cutting off at 
5 a. m. 
To the uninitated the plant has an almost uncanny 
system of operation. At a predetermined time the govern- 
ing switch closes if the water is up, or comes up, and 












































FIG. 1. GENERATOR TOGETHER WITH EXCITER AND GOVERNOR FIG. 2. THE AUTOMATIC LINE CIRCUIT BREAKER 


All revolving brushes and brush gear are mounted on a 
shaft which is driven by a synchronous motor, taking cur- 
rent from one phase of the system which is connected to 
the transformers. This motor is excited by 110-volt 
direct current and is made larger than required to drive 
the brush gear so as to serve as a rotary condenser and 
help correct the power factor on the a.c. side of the system. 
It runs at 1000 r.p.m. to give 50 cycles per second on the 
a.c. side of the system. This a.c. side is designed to deliver 
2000 kw. of three-phase current at 300 v., while the direct- 
current side is for 20 amp. at 100,000 v., transformation 
being made possible in either direction. 

Length over all is 30 ft. 5 in. and width over the brush 
gear and motor is 17 ft. 10.5 in. While this seems large 
for a 2000-kw. machine, it must be remembered that, when 
handling current at such high voltages, it is necessary to 
allow considerable space for insulation. 

Some idea of the appearance can be gained from Fig. 1, 
a view from the transformer end during erection and from 
Fig. 2, showing the brush gear and shaft, these views being 
taken from Engineering of London. 


energizes a coil which opens a set of valves releasing the 
oil pressure on the central cylinder, or governor. The 
gates then open and bring the machine up to speed. A 
centrifugal speed device next comes into action and 
energizes a closing coil on the line current breaker, con- 
necting the machine with the power line as an induction 
generator. The sequence of events is followed by the closing 
of a field switch which provides the generator with a direct 
current field, causing it to build up its own voltage. The 
gates of the turbine are now opened to a predetermined 
degree and the number of kilowatts to be produced is also 
predetermined. 

In case of low water, failure of the governor oil pres- 
sure, over speed, under speed or hot bearings at any point 
the machine will instantly take itself off the line. It is 
impossible to put it on the line or keep it on as long as 
trouble exists. 

With this plant it is possible to use the power afforded 
by a small stream without the prohibitive expense of 
human tenders. It has proved entirely successful and will 
be followed by several additional installations of a like 
nature in Michigan and Indiana. 
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Heat Balance at Hudson Avenue Station 


Srx Sources oF Heat ARE INVOLVED IN THE CYCLE. CoNTROL IS AUTOMATIC. 
VERTICAL ISOLATION OF PHASES IS A FEATURE OF ELECTRICAL DESIGN 


he THE MAY 15 issue of Power Plant Engineering a 
summary of the more important features of the new 
Hudson Avenue Station of the Brooklyn Edison Co. was 
presented, including an outline of the cycle of operations 
involved in the heat balance system with a summary of the 
principal equipment concerned in the cycle. The present 
article aims to give more comprehensive information re- 
garding this matter of heat balance, and to furnish further 
details on other salient points in the design of the station. 


In determining the system of feed water heating for 
heat balance, two principles were dominant: (1) that by 
using bled steam from the main turbines the corresponding 
latent heat is conserved; (2) that overall thermal gain is 
secured by raising the boiler. feed temperature to the max- 
imum which can be had by use of bled steam. The house 
turbine was brought into the system not as a means of 
heating feed water but to insure greater reliability in 
supply of power to the essential auxiliaries; but being in, 
its condenser was introduced into the feed water heating 
scheme to secure its energy at maximum economy. 

Six sources of heat are involved in the cycle, including 
high pressure and low pressure bleed points on each main 
turbine; the house turbine condenser; and the inter- and 
after-coolers for air ejectors on main condensers (when 
used). There is also the high pressure packing steam from 
the General Electric turbine; but this is relatively very 
small and reaches the system indirectly through the over- 
flow tank. The accompanying tabulation gives principal 
predicted data for various points in the system at three- 
quarter loads. 


PRINCIPAL PREDICTED RESULTS FOR Hupson AVENUE 
STATION 


37,000 kw. 
1,760 kw. 
G. E. Westinghouse 
Unit No.1 Unit No. 2 
415,700 409,600 


Load on each main turbine 
Load on house generator 


Total steam to turbine, lb. hr 
Total steam bled, H. P. opening, 
lb. 47,600 
Total steam bled, L. P. opening, 
lb. hr 
Steam to house generator and to 
gland seals, lb. hr 33,500 
Vacuum, main condensers, in 29 29 
Vacuum, house turbine condenser, in. 26 
Temperatures, deg. F.: 
Prom I. P. Heaters. ...05s.5 
Prk Th. PTR ik cis os 
Boiler. efficiency, per cent 
Li. NE eo i505 s oo ase bho’ 11.34 
Ma. RO asc oc bcceessaetesaee 15,380 
Lb. coal, kw.-hr.* 
(13,500 B.t.u. coal) 
Thermal efficiency*, per cent 


45,200 


22,000 17,400 


190 
292 


177 
277 


Electric auxiliary drive, being an essential part of the 


*The rates given are based on gross kw-hr. generated, no 
deductions being made for station service and losses. 


heat balance system, is accomplished so far as possible by 
the 2300-v., 3-phase, 60-cycle system with three sources 
of supply, as outlined in our issue of May 15. Figure 1 
shows the arrangement of this system as planned for the 
first four units. Control is exercised from truck switches 
on the machinery floor of the switch house, the steel cubi- 
cles being lined up against the wall, with trucks remov- 
able and terminal blocks accessible at the back of the 
cubicles. The forced draft fans, stoker drives, and clinker 
grinders, are run on 250-v. direct current with Ward- 
Leonard control, the motors being fed from boiler auxiliary 
power busses. The 440-v. system supplies the cranes in 
turbine room and switch house, and a number of smaller 
machines throughout the station, including revolving 
intake screens, capstans, locomotive crane, hotwell and 
vacuum pumps, elevators, and miscellaneous power , equip- 
ment. 

Two boiler feed pumps are driven by G. E. 625-hp., 
1800-r.p.m. slip ring induction motors, with separate con- 
trol panels conveniently located. Excess pressure regula- 
tors are of Ruggles-Klingemann type with double dia- 
phragms, to hold constant differential pressure between 
the boiler feed and feed meter lines. The remaining boiler 
feed pump is direct connected to a 565-hp. Terry turbine 
for operation at 1750 r.p.m., 263 lb. pressure, 200 deg. 
superheat and 1 Ib. back pressure, with a Terry-Foster 
regulator. 

Each coal tower is equipped with a three-unit motor- 
generator set, the main hoist motors being 625 hp., 275-v., 
direct current, 180 r.p.m., and the trolley motors 75 hp., 
250-v., direct current, 485 r.p.m., with Ward-Leonard 
control. The smaller auxiliaries in the towers are run on 
the 440-v., alternating current, circuit. 

Control of the heat balance system is entirely automatic, 
but adequate records are made of every step in the process, 
by means of recording instruments. The knowledge thus 
made available will be utilized through daily analysis of 
heat balance and economic results. The instruments for 
these records are mounted on a board in the boiler control 
room, not for the purpose of supervision or control from 
this point but because it is a convenient place and the 
records of flue gas temperatures will prove serviceable to 
the boiler control operator. The instruments on the heat 
balance board are: 

First row: 2 feed water pressure recorders showing 
pressure on the respective pairs of heaters. 1 recorder on 
pressure in air duct. 1 vacuum recorder for house turbine 
condenser. 

Second row: Temperature recorders: Two 4-point, giv- 
ing respectively for each main condenser the circulating 
water inlet and outlet, the hotwell, and the make-up tem- 
peratures. One 8-point, giving the flue gas temperature 
for each boiler. One 4-point, giving steam temperature at 
throttle and in header for each main unit. 

Third row: Four 4-point temperature recorders, giving 
respectively for each of the four closed heaters the tempera- 
tures of bleed-steam, of condensate, and of feed water at 
inlet and outlet. 





le by 
urces 
ure 1 
r the 
tches 
cubi- 
MOV- 
f the 
inker 
Vard- 
liary 
es in 
valler 
lving 

and 
quip- 


-hp., 
con- 
gula- 
dia- 
ween 
oiler 
rbine 
deg. 
‘oster 


otor- 
Y5-v., 
| hp., 
yard 
nm on 


1atic, 
Ces, 

thus 
is of 
s for 


ntrol © 


from 
| the 
le to 

heat 


wing 
r on 
rbine 


giv- 
iting 
tem- 
iture 
re at 


ving 
pera- 
or at 


POWER PLANT 


July 1, 1924 


Fourth row: 4 recorders, showing respectively steam 
pressure on each bleed line from main turbines. One 4- 
point recorder for house turbine condenser, giving air ejec- 
tor circulating water temperatures from each of the two 
units, temperature of circulating water leaving condenser, 
and temperature of the house turbine condenser condensate. 

Boiler room or combustion control is centralized in the 
boiler control room, located at the west end of north side 
of the present boiler house. One control panel will eventually 
be installed for each group, with a master control panel 
for the complete installation in the center. The equipment 
of the first panel includes a load indicator, giving the 
momentary load on the whole group; a two-pen steam 
pressure recorder; an air duct pressure gage; four forced 
draft fan ammeters with button control for speed regula- 
tion individually; a group stoker speed indicator; buttons 
for group control and emergency control of forced draft 
fans and stokers; and transfer switches for automatic 
regulation of forced draft generator fields. 

For the operator on the boiler room floor, individual 
control panels are provided on each boiler, having two flow 
meters, one recording air flow, flue temperature, and steam 
flow from one side of boiler, while the other records total 
steam flow, stoker speed, and steam temperature. Below 
these are gages showing superheater outlet pressure and 
pressure in the boiler drum, and a Foxboro draft gage 
giving wind box, furnace, and differential drafts. At the 
lowest level are placed the individual stoker and clinker 
grinder controls. In addition, one boiler in each row 
carries an air duct pressure recorder. 
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FIG. 2. HIGH PRESSURE STEAM LINES FOR ONE GROUP 


Similar thoroughness is manifested in the equipment 
of panel boards for the individual turbines, on which are 
mounted synchronizing lamps, synchroscopes, load indi- 
cators, frequency meters and signal apparatus, in addition 
to a very complete quota of vacuum and pressure gages. 

Group arrangement is maintained throughout, so that 
each group may be operated as a practically independent 
unit. This feature is illustrated by the diagrams of steam 
mains shown in Fig. 2. 

Figure 3 shows a diagram of present main generator 
and feeder connections. The vertical isolated phase con- 
struction of main circuit breakers built in cubicles without 
any brickwork compartments whatever greatly facilitated 
the work of installation. Operating from the mechanism 
above, any switch may be lowered to the disconnect position 
and tried out or examined; or, it may be lowered further 
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FIG. 1. 2300 v. BUS SYSTEM FOR SUPPLYING AUXILIARIES 
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CoaL HANDLING EQUIPMENT ’ 
2 250-T./hr. Mead-Morrison. Traveling towers with 


Towers: 
duplex single roll crushers. 


10 5-T. electric (trolley). Bergen Point Iron Works. 

Weighing: Fairbanks track scale. Installed by Bergen Pt. 
Iron Wks. Larries: End, 15-T.; center, 25-T. Traveling. 
Maine Electric Co. 

Bunkers: End, 4000-T.; center, 6700-T. Waterproofed and 
brick lined. Gates at intervals above each firing aisle. Steel 
work by McClintock Marshall Co. 

Storage: Main yard at Rossville, S. I. 

AsH HANDLING 
C. I., brick lined. Treadwell Engineering Co. 


Cars: 


Sluice System: 


Crane: Locomotive crane, 5-cu. yd. bucket. Brownhoist. 
BOILERS AND SUPERHEATERS 
Boilers: 8 B. & W. cross-drum, 42 tubes wide, 20 high, super- 


heater above 6th row. 19,650 sq. ft. heating surface. 
Superheaters: 8 B. & W., single loop, 2 rows 2-in. tubes, 2508 
sq. ft. superheating surface. 
Soot Blowers: 22 per boiler. 
Feed Water Regulators: 16 4-in. Copes regulators. 

Equipment Co. 
Water Columns: 


Diamond Power Specialty Co. 
Northern 


Reliance Gauge Column Co. 
STOKERS 
Underfeed, extension grate: 6 14-retort, Westinghouse Elec- 
tric Co. New Frederick: 2 14-retort, Combustion Engineer- 
ing Co. 
Stoker Drive: Westinghouse d. ec. motors, 300-1200 r.p.m., 
Ward-Leonard control. 
Clinker Grinders: Furnished by stoker mfrs., double roll 
with Westinghouse type, single roll with New Frederick 
Coal: Eastern Bituminous, averaging 13,500 B.t.u., 74 per 
cent fixed carbon, 16 per cent volatile matter, 8 per cent 
ash, 2 per cent moisture, 2 per cent sulphur. 
FURNACES 
Approximate volume, combustion space, 7500 cu. ft. 
Boiler Settings: Rust Engineering Co. 
Insulating Brick: Sil-o-cel. 
Firebrick: Olive Hill, General Refractories Co. 
Boiler Casings: Shevlin Engineering Corporation. 
Hollow Walls: Air cooled, Bernitz Fyrnace Appliance Co. 
STACKS 


Steel: Height, 350 ft. above grates. Riter-Conley Co. 
Lining: 4-in. radial brick. Alphons Custodis Chimney Const. 
Co. 


WATER SUPPLY 
For Make-up Water: City water supply, 2 20-in. mains. No 
treatment. Deaerated in main condensers. 
For Generator Air Cooling: 2 artesian wells. 
& Equipment Co. 
Water Meters: Neptune Meter Co. 
Forcep Drarr SYSTEM 
Blower Fans: 4 170,000 cu. ft./min. at 7 
Sturtevant Co. 
Drive: 300 hp. direct connected, d. c. motors, General Electric 
Co., with Ward-Leonard control. 


Artesian Well 


in. pressure. B. F. 


Speed: 600-667 r.p.m. 
BorLeR FEED PUMPS 
Pumps: 3 1500 g.p.m. for 210 deg. F. water against 400 Ib. 


discharge pressure and 12 ft. positive suction head, normal 
speed 1750 r.p.m. Buffalo Steam Pump Co. 

Drives: 2 625-hp. type “I” 4-pole slip ring induction motors, 
General Electric Co. 
1 565-hp. Terry turbine. 

Regulation: Motor driven pumps by Ruggles-Klingemann 
regulators. Steam driven pump by Terry-Foster regulator. 

Freep WATER HEATERS 

4, 2 high pressure and 2 low pressure, a pair for each main 
turbine. All heaters U-tube type, 4-pass, 3500 sq. ft. heat- 
ing surface, 34-in. No. 16 B. W. G. tubes. Wheeler Con- 
denser & Eng. Co. 

PIPING AND VALVES, AND PIPE COVERINGS 

High pressure, Ballwood Co. 

Exhaust: American Spiral Pipe Works. 

Low pressure cond. suction castings: Fuller-Leheigh Co. (Lin- 
ers to tunnels.) Weatherly Foundry & Machine Co. 

Pipe Joints: Van Stone, on high pressure 2%-in. and above 

Fittings, Cast, Steel: Reading Steel Casting Co.; American 
Foundry & Construction Co. 

Low Pressure: Amalgamated Products Co.; Kutztown Foun- 

dry & Mch. Co.; Crane Co. 


Piping: 


Principal Equipment in Hudson Avenue Station 





Valves: Type or Use Maker 
Globe Edward Valve & ay Co.; Luken- 
heimer; Schutte & Koerting. 
Gate Chapman Valve Co. 
Pop Safety Consolidated Safety Valve Co. 


Edward Valve & Mfg. Co. 

Edward Valve & Mfg. Co.; Chapman 
Valve Co. 

Edward Valve & Mfg. Co. 

Schiller Nolan 

Kieley & Mueller; Schutte & Koert- 
ing; Wheeler Eng. Co. 


Stop and Check 
High Pressure C. S. 


Atmospheric Relief 
Blowoff 
Float 


Bleeder and Chronom- 
eter Schutte & Koerting. 
Heater Relief William E. Williams Valve Corp. 
PRIME Movers 
Main Units: 1 General Electric turbine, single cylinder, 50,- 
000 kw., 80 per cent P. F., to operate at 1200 r.p.m., 265-lb. 
gage pressure at throttle, 200 deg. F. superheat, and 1 in. 
back pressure. Driving 62,500-kv.a. generator, 13,800-v., 
3-phase, 60-cycle, star-connected with grounded neutral. 
1 Westinghouse turbine, compound, single shaft, capacity 
and operating conditions same as for G. E. machine. 
House Turbine: 1 4500-kw., Westinghouse, operating at 3600 
r.p.m., 265-lb. gage, 200 deg. F. superheat, 25 in. vacuum, 
75 per cent P. F., 6000-kv.a. generator, 2300-v., 3-phase, 
60-cycle. 
GENERATOR AIR COOLING 
General Electric Turbine: General Electric Cooler, 8 sections. 
Westinghouse Turbine: Griscom-Russell V-fin. 
AUXILIARIES 
Condensers: 2 70,000 sq. ft. surface, Westinghouse, radial 
flow, 2-pass, 13,368 l-in. tubes No. 16, B. W. G., 20 ft. long. 
1 4000 sq. ft. Westinghouse 4-pass surface, 1490 %4-in. tubes 
Circulating Pumps: 4 51,665 g.p.m., Westinghouse, bottom 
suction, side discharge, 2 impellers, 600-hp. motor. 2 for 
each main condenser. 291 r.p.m. 
Vacuum Pumps: 2 Westinghouse Le Blanc, 690 r.p.m., 
g.p-m., hurling water. 1 for each main condenser. 
2 banks Westinghouse steam jet air pumps, 1 for each main 
condenser, consisting of 2 steam jet air ejectors. 
Hotwell Pumps: 4 Westinghouse, 870 r.p.m., 2-stage, 900,000 
lb./hr., 2 for each main condenser. 

Intake Screens: 4 (ultimately 10), traveling. Chain Belt Co. 
Cranes: 2 150-T. for turbine room. Morgan Engineering Co. 
1 60-T. for frequency changer building. Whiting Corp. 

1 10-T., 2 5-T. and 1 25-T. crane, screen house. Northern 
Eng. Co. 

1 35-T. for machinery floor, switch house. Whiting Corp. 
Air Compressors: 2 560 C.F.M., 2-stage. Ingersoll-Rand Co. 
SPECIAL EQUIPMENT 

Pumps: City Water: 2 2-in, 100 g.p.m. Worthington. 
Salt Water (Ash Sluicing): 2 12-in. 5000 g.p.m. Worth- 
ington. (House Service): 1 8-in. 1500 g.p.m. Worthington. 
Sump: 3. Goulds Mfg. Co. 
Fire: 1 6-in., 1500 g.p.m. Worthington. 
Oil: 3 6-in. 1500 g.p.m. Worthington. 
INSTRUMENTS 
Foxboro Co 


1665 


Draft Gages: 

Flow Meters: General Electric Co. 

Venturi Meters: Builders Iron Foundry Co. 

Recorders: Steam pressure and vacuum and draft. 
Co. Temperature: Leeds & Northrup Co. 

V-Notch Meters: Yarnall-Waring Co. 

Thermometers: Taylor Instrument Cos. 

Boiler Meters: Bailey Meter Co. 

Indicating Pressure Gages: Crosby Steam Gage & Valve Co. 

Moror-GENERATOR SETS 

2 1300-kw. 4-unit sets for 250-v., d. ¢. fan, stoker and clinker 
grinder supply. Westinghouse. 

1 500-kw. 250-v. set for excitation. Westinghouse . 

2 50-kw. 125-v. sets for control. Westinghouse. 

1 45-kw. 90-v. set for individual cell charging on excitation 
battery. Westinghouse. 

TRANSFORMERS 

7 20,834-kv.a. single-phase, 13,800/27, 600-v. auto-transformers. 
General Electric. 

2 6000-kv.a. 3-phase, 27,600/2300-v. station service. Westing- 
house. 

6 25-kv.a. single phase, 2300/440-v. turbine auxiliaries. G. E. 

6 333-kv.a. single-phase, 2300/220/440-v. misc. power. G. E. 

6 100-kv.a. single-phase, 2300/120/240-v. lighting G. E. 


Bristol 
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and removed. Normal] operation of circuit breakers is 
from the main control room; but they may also be operated 
from the mechanism floor, interlocks being provided so 
that control can be exercised from only one point at a 
time. There is also an interlock which renders the trip- 
ping and closing solenoids inoperative while the raising 
and lowering mechanism is operative, and vice versa. 
Individual generator and feeder control benchboards 
and panels are arranged in an oval in the main control 
room on the seventh floor of the switch house. With the 
operator’s desk in the center and a very carefully planned 
lighting scheme, this makes an ideal arrangement. 
Extraordinarily good provision is made for testing the 
high tension circuits. Ground and test switches on the 
main floor of the switch houses are connected for testing 
all 27,600-v. generator and feeder lines. These switches 
are connected by a test bus to a the main test room, where 
a 200,000-v. kenotron test set is located. Here also is a 
complete equipment of indicating and graphic recording 
instruments, so that comprehensive records may be had. 
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i. 3. MAIN GENERATOR AND FEEDER CONNECTIONS FOR 
PRESENT INSZALLATION 


On the north side of ground floor of the switch house 
are the autotransformers for stepping up from 13,800-v. 
to 27,600-v. Above this is a ventilating floor, with house 
service transformer, rheostat, and pole changer rooms. 
Next over this is the machinery floor, Anderson switch- 
boards, 440-v. power board, 2300-v. truck switches, 6000- 
ky.a. frequency changer, and M.-G. sets, There is a 35-T. 
crane for handling material on this floor. On a mezzanine 
are located more 2300-v. truck switches and. auxiliary .con- 
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trol room, and lighting board; also high and low tension 
meter test rooms. On the south side, ground and test 
switches for feeders are on the lower floor. C, B, and A 
phases of main circuit breakers occupy the three succeeding 
levels, with operating mechanisms for these breakers on 
the fifth floor. Returning to the north side of the building, 
the sixth floor is devoted to toilets, locker rooms, and bat- 
tery rooms, with the H. T. control room on the seventh 
floor. ’ 

Elaborate facilities for communication throughout the 
station are provided by telephone, signal, and call systems. 
Of special interest is the station totalizing wattmeter, with 
remotely controlled indicators so that the operators in the 


‘boiler room, in the boiler control room and at the boiler 


feed pumps, as well as the chief engineer’s office and the 
H. T. control room, are kept informed on this essential. 

Design and construction of the station were supervised 
by an engineering committee composed of G. L. Knight, 
Mechanical Engineer, J. C. Parker, Electrical Engineer, 
and B. Houghton, Operating Superintendent, of the Brook- 
lyn Edison Co., Inc., with assistants, and representatives 
of the consulting firm of Thomas E. Murray, Inc. 

In closing, we wish to make acknowledgment to the 
officers and engineers of the company, through whose per- 
mission and co-operation the preparation of these articles 
has been possible. 


Effect of Compressor Valve 
Design 


ERHAPS NO other one thing had so much to do with 

the development of the present day compressor as the 
increasing tendency toward motor drive. The speeds in 
vogue prior to the past 10 yr., necessarily imposed by the 
type of air valve then in use, greatly handicapped the 
expansion of the motor driven machines, since the cost of 
the slow speed direct connected motor was almost pro- 
hibitive. This problem led compressor manufacturers to 
develop the light automatic valves of today, which per- 
mitted rotative speeds to be greatly increased, thus allow- 
ing the use of synchronous direct connected motors of com- 
paratively low first cost. The present day moderately 
priced and efficient motor driven compressor is the result. 

While present day speeds are almost entirely respon- 
sible for the great success of motor drive for compressors, 
these speeds have also done much for steam driven ma- 
chines. Heretofore, steam driven compressors had been 
operated at considerably slower speeds than corresponding 
steam engines, due to the restriction imposed by the air 
valve. With this latter restriction removed, the increased 
speed has resulted in steam economies which have 
appreciably reduced the cost of compressing air. 

It will be appreciated that there is absolutely no rea- 
son why a compressor should not be operated at speeds 
comparable with conservative steam engine practice, pro- 
vided, of course, that air valves suitable for such speeds 
are employed. The light automatic air valves in use 
today have fully demonstrated their efficiency and dur- 
ability at speeds greatly in excess of those used in standard 
steam engines, from which it will be seen that instead of 
the air valve development lagging, as in the earlier years 
of compressor. development, it is now, according to the 
Compressed Air Society, leading by a considerable margin. 





Rebuilding Boilers to Increase 
Capacity 


EBUILDING a water-tube boiler in the power plant 

is not the simplest thing in the world, yet under the 
supervision of somebody who is familiar with the details 
of boiler erection, work of this kind can be accomplished 
without any unusual difficulty. A job of this kind was 
recently completed in the boiler room of the local public 
service company at Jefferson City, Mo. 

Previous to making the changes, the boiler room at 
this plant contained four Babcock and Wilcox longitudinal 
drum boilers, 9 tubes high and 14 sections wide. These 
boilers supplied steam to a number of engines and tur- 
bines in the engine room, A new turbine was added some 
time ago and this, together with other increases in the 
load on the plant, necessitated the installation of more 
boiler capacity. The four boilers installed in the plant 
were relatively new and in good condition so it was de- 
cided to rebuild them, increasing the heating surface. 

This was accomplished by dismantling two boilers at 
a time, the load being carried on two units while the other 
two were being rebuilt. 

After two of the units were entirely dismantled, new 
supporting steel work was erected to accommodate the 
greater height of the rebuilt boilers. Simultaneously with 
the erection of the new steel work, a short length of new 
header, just long enough to accommodate three extra tubes, 
was attached to each of the old headers at the front and 
rear of each section by means of a nipple. The details 
of this work are shown in the photograph, Fig. 1. This 
shows one of the rebuilt sections ready to be hoisted in 
place. The new lengths of header and nipples were fur- 
nished by the Babcock and Wilcox Co., the makers of 
the boilers. 

The rebuilt sections were hoisted in place and con- 
nected to the drums by nipples at the front and by new 
circulating tubes at the rear. Figure 2 shows one of the 
sections being secured in place.. The rear cross boxes of 
the boilers were not renewed. 

As the boilers were 14 sections in width, and as three 








FIG. 1. A REBUILT SECTION READY TO BE HOISTED IN 
PLACE, NOTE THE SHORT LENGTH OF NEW HEADER 
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FIG. 2.. ONE OF THE REBUILT SECTION IN PLACE 


tubes were added to each section, the rebuilt boilers had 
additional heating surface to the extent of 42 tubes. 

Although the work was done under the direction of 
an erecting engineer of the B. & W. Co., the actual work 
of rebuilding was done by the regular boiler house crew 
employed by the Public Service Co. 


Suggestions for the Saving 
of Coal 


By Howarp C. Mgeap 


OST power plant superintendents are confronted 

with the problem of producing steam with the 
poorest fuel that can be purchased although they may 
have emphasized, over and over again, the greater heat- 
producing qualities of the higher-priced coal, but man- 
agements have a queer way of turning a deaf ear to a 
plea which involves any increase in expenditures. 

Perhaps experience has taught them that savings of 
this nature do not run as big as described or claimed for. 
They have found in the past that evils in the form of 
poor firing and incorrect combustion creep in until the 
results obtained are far less than anticipated; certainly 
not enough to offset the higher price paid. 

With this in mind it is up to the power house super- 
intendent to issue such instructions to every man con- 
cerned with the economical production of steam as will 
enable him to do his work intelligently and efficiently. 
The chief electrician of a large pump works in Michigan 
issued the following set, last year, and is using the good 
coal again this year: 

‘‘Now that we are once again about to enter into the 
day of good coal, there are a few things that might be 
said to help each one who has anything to do with its 
handling. The company expects good results and econ- 
omy through its use, and it is clearly our duty to see 
that no coal is wasted and that good judgment is used 
in all operations. 
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‘‘The coal that has been bought for this winter’s use 
is of the best procurable and should inspire each one of 
us in doing our very best so as to get all that is possible 
out of it. 

‘When you save a ton of coal you have saved your 
day’s wages. There is no class of men in the factory 
who are trusted with so much of the company’s money 
as the power plant operators and what you waste is an 
irrevocable loss. Do not forget that the company marks 
and appreciates each man who endeavors to be econom- 
ical, and does not forget his good service. The power 
plant operators are limited to the power house alone 
and what seems to be wasteful of steam and coal outside 
of the power house should not be looked upon as a rea- 
son for our not being economical. 

‘‘Now for a few suggestions to each one—not given 
in the spirit of criticism: 


To THE ENGINEERS 
‘*Hach engineer shall be responsible for all opera- 
tions and conditions on his shift. You should absolutely 
know that the low and high water alarms are working 
on each boiler. I suggest having the fireman blow down 
each column in your presence when you come on duty. 
‘*Look at the condition of the fires and see if the last 


men on the job have done all that they are supposed . 


to do. Note whether they have failed to take out ashes, 
ete. ; as that is the correct time to straighten out the diffi- 
culty and I do not expect to have the firemen complain 
about the ashes not being taken out, etc., on the previ- 
ous shift. : 

‘*See that the feed water temperature is near 200 
deg. Be sure that all lubricators are filled and pumps 
are in first-class condition. Take a good look at every- 
thing and if a certain thing needs attention, report it 
without delay. 

‘*Make it your business to know the condition of all 
things when you come on duty, both in the engine and 
boiler rooms. , 

‘‘If any fireman does not care to fire the way we 
think is the most economical, you should show him that 
you are responsible for conditions and deal with him as 
you see fit. 


To THE FIREMEN 

‘‘Keep your ash pit doors off and your draft closed 
as much as is possible so as still to carry the load. With 
the ash pit doors off you will get better distribution of 
the air under the fire. If you can’t keep the boiler from 
popping with the ash pit doors off, you are using too 
much coal. When the boiler pops or gets near that 
point, open the feed water line to the boiler that has 
the lowest water line and you will find that this surplus 
water will absorb the heat and will thus save the heat 
wasted through the pop valve. 

‘Fire one door at a time if possible. This will lessen 
the smoke and will not cool off the furnace like a fresh 
charge of coal over the whole grate surface. 

‘‘Keep the coal from going into the ash pit and keep 
the floor in front of the boilers clean. Do not clean the 
fires unless it is absolutely necessary, as this takes fuel 
and when you do clean, close your damper so as to keep 
out as much cold air as possible. 

‘“‘If you are using two boilers push one as hard as 
you can. Do not fire both the same and not have a very 
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heavy load on either one; high furnace temperature gets 
the most out of the coal and means less work for you. 
Do not throw the coal any place in the furnace but look 
for holes in the fire to cover. 

‘*Keep your ash pit bright at all times and do not 
agitate the fuel bed any more than is necessary. If the 
fire gets high in places, smooth it with your slice bar. 
There are times of light load and when other work is 
being done that it is not advisable to ‘light fire,’ but I 
am speaking of when one or more boilers have a good 
load. 

‘‘The engineer on your shift will settle all difficulties 
and you should go to him for things pertaining to your 
work. _ 

‘*T expect some very good firing this winter and know 
that the men we now have can fire economically if they 
will. I do not expect to have to speak about light firing 
any more as this will give you an idea of what the com- 
pany you work for expects and insists upon having. If 
we do not show excellent results with coal that is first- 
class you may expect the company to buy the -poorest 
grade of fuel next year. 

**T hope that nobody will feel that this is written as 
a criticism, but all will feel that these suggestions will 
make your work more desirable and pleasant, as well as 
enabling you to work in harmony. Let’s set an example 
as being the most economical department in the plant, 
as we certainly have the opportunity to do so.’’ 

Most of the preceding suggestions are to the point, 
and while some seem rather rudimentary to the experi- 
enced engineer it is well to let the new and old man 
alike know just what is expected of him. Otherwise his 
idea may be rather hazy and indefinite. 

At least they form the basis for a set of similar sug-. 
gestions which can be posted where the men can see 
them. 


PROPER PAINTING increases illumination, aids in light 
diffusion and eliminates glare. “The amount of light 
reflected by a given paint depends, of course, upon its 
color,” says Walter Sturrock, General Electric Company. 
“White paint shows the highest reflection factor, that is, 
it reflects the greatest percentage of light striking it. A 
pure white surface will reflect light of all colors at equal 
efficiency. On the other hand, a paint having some color 
in it such as blue, for example, will be an efficient reflector 
of blue light but will absorb practically all red rays of 
light striking it. For light from Mazda lamps, a yellow 
paint has a higher reflection value than some of the other 
paints. Where white paint is not wanted, a paint of light 
cream tone may be used without marked sacrifice in light- 
ing effectiveness.” 


NINETEEN POWER projects are possible on the Arkansas 
River in Colorado, according to a report prepared by an 
engineer of the Department of the Interior, Geological 
Survey. These projects will represent a total potential 
power of 44,000 hp. for 50 per cent of the time and 24,000 
hp. for 90 per cent of the time. The use of the water for 
power, however, is secondary to its use for irrigation and 
the cost of developing power will be relatively high because 
of the low heads and the small flow and because the flow 
cannot be regulated for the generation of power owing to 


‘ the requirements for irrigation. 
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Small Hoists for the Power Plant 


APPLICATION AND USE OF VARIOUS TYPES OF CHAIN 
BuLocks AND ELectric Hoists FoR MAINTENANCE WorK 


AINTENANCE work around a power plant requires 

that many heavy pieces of machinery be handled. 
This is work which must often be done with as much dis- 
patch as possible and by the ordinary plant crew. Hand 
methods of handling heavy parts are always slow and 
tedious, particularly in view of the fact that the available 
help around a power plant is generally restricted to the 
operating crew. Maintenance work, then, must be con- 
sidered as extra work to be pérformed by the regular crew 
and in such a manner that service will not be interfered 
with. 

It is this condition which has brought about the exten- 
sive use of hoists and cranes to perform not only the 
routine work but to expedite the emergency work about 
the power plant. 

Aside from the ordinary arrangements of rope and 
pulley tackle, which in maintenance work have many dis- 
advantages, the most common form of hoist is that 
known as the chain block. It has the advantages that it 














FIG. 1. DIFFERENTIAL CHAIN BLOCK AND SLING USED IN 


HANDLING A TURBINE ROTOR 


is portable, cheap, rugged and it automatically holds its 
load suspended. 

Three types of chain blocks are in common use; these 
are the differential, screw geared and the spur geared. The 
approximate cost of the three types is in the order 1:23 in 
the order named, whereas the efficiencies are about 30, 40 
and 80 per cent, the highest figure being ened of the spur 
geared type. 

To gain a mental steliaes of the relative itn of these 
three types, we may consider the conditions. of time :and 
effort in lifting a weight of one tom a distance of 3 ft: -In 


the case of the differential block, it will require three men 
1 min. and 3 sec. to perform this work. The weight once 
lifted is held suspended by the friction of the parts of the 
block. 

Now then, if a screw-geared block were used, the same 
amount of work could be done by two men in 1 min. and 
7 sec., and the weight would remain suspended by reason 
of the friction of the parts of the block. If we substituted 
a spur-geared block, this work could be done by one man in 
45 sec., due to the greater efficiency of this gear and less 
internal friction. The load must be held suspended by an 
automatic brake. These illustrations show that where 
available man power is a factor, the first cost of a chain 
block is not of the greatest importance. 

Capacities in which chain blocks ordinarily come are as 
follows : 


Differential type 
Screw-geared type 
Spur-geared type 


It is not possible to over-emphasize the importance of 
the strength and durability of the chain used in any chain 
block. It is the most expensive single part of the block and 
is subjected to more abuse than any other part. It is 
preferable that each link be welded on its side where it 
supports only half the load. The friction of the links rid- 
ing together over load sheaves comes at the ends of the 
finks and not on the weld. Chain so welded operates more 
freely over the sheave, does not wear rapidly and is not 
easily kinked. 


Hooxs Must Not Br OvERSsTRESSED 

Chain block hooks, made of the proper material and 
properly designed, serve as a safety valve to the user. 
When overstressed, they should tend to straighten out with- 
out rupture. The load should always be suspended from 
the saddle of the hook and not from the tip. Hooks should 
preferably be made with a round shank which will allow 
them to turn in the shackles, thus facilitating the placing 
of machine parts. 

Care of chain blocks requires nothing more than com- 
mon sense. They should not be excessively overloaded ; the 
load should not be allowed to fall suddenly onto the block 
and the bearings should be well lubricated. Dry bearings 
increase friction and chain pull and result in the ultimate 
replacement of parts through excessive wear. 

Chain blocks are usually provided with a swivel hook 
or eye by means of which they may be conveniently tied 
to any structural member which will support the load. 
They may be secured to a structural member of the build- 
ing or boiler frame, a tripod or a specially. constructed 
horse. Chain blocks are particularly advantageous. where 
overhead clearances are small... For permanent installa- 
tions over engines,.turbines, pumps, etc.,.the chain- block 
may be hooked to a four-wheel trolley which runs on. a 
single I.beam as.a track. ..Trolleys are in general of two 
types, those- which are geared. and which are moved by 
means of a chain and a chain wheel and the more simple 
type- which is-not. anes but is moved by swinging or 
pushing. the load... r is Aettet , 
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Of wide application in handling materials in power 
plants is the electric hoist. It finds its application in the 
distribution of coal to boiler hoppers and the disposal of 
ash. Due to the distances which are usually traveled, the 
electric hoist is generally mounted on a trolley which is 
motor driven and which travels on a single I beam track. 

Control of the electric-hoist is effected in three ways. 
First the control push button or cord may hang from the 
hoist, to be operated from the floor. In this case the 
operator must follow the load. Second, the hoisting and 
travel of the hoist may be remotely controlled from one 
central station, in which case the full length of trackage 
should be in full view of the operator. Third, the hoist 
may be equipped with a cab so that the operator rides with 
the hoist and so is with the load at all times. This scheme 
is good from the safety view point and it keeps the opera- 
tor off the floor where various obstacles may hinder his 
movements. 








STEEL PLATE TROLLEY WHICH USES AN I BEAM FOR 
A TRACK 


Vig. 2. 


Electric hoists should be equipped with limit stops, 
so that when the load reaches its maximum travel in 
either direction the brakes will be automatically set and 
it is not possible to operate the hoist motor again until 
its direction of rotation has been reversed. 


Capacities oF Exectric Hoists 


Electric hoists are built in capacities ranging from 4% 
to6 T. Their maximum lift is about 15 ft. Hoist motors 
vary in size from 2 to 10 hp., and trolley motors vary from 
Y% to 4 hp. The hoisting speed of the smaller sizes is 
from 30 to 60 ft. per min. while for the larger sizes the 
hoisting speed is from 20 to 40 ft. per min. Trolley speeds 
vary from 300 to 350 ft. per min. on the smaller sizes and 
from 175 to 225 ft. per min. on the larger sizes. The 
weight of an electric hoist, including the trolley, varies 
from 550 to 3200 lb. 

When specifying electric hoists, the following points 
should be given careful consideration: Maximum load, 
maximum lift, distance from floor to bottom of I beam 
track, hoisting speed at maximum load, alternating or 
direct current, voltage, phases and cycles. Speed of 
trolley must also be considered as well as location of con- 
trol, approximate number of lifts per hour, minimum 
radius of track curves, maximum and minimum lengths 
of runs and finally the conditions of service, whether 
exposed to the weather, dust, or acid fumes. The special 
features of each installation should also be studied and 
specified. ee ) 
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Reduce Costs by Stopping 
Ammonia Leaks 


INSPECTION OF THE NEW Pree Work, USE OF 
HicgH GRADE MATERIALS AND FREQUENT TESTS 
Witt Save Ammonia. By A. G. SoLomon 


OST OF AMMONIA used per ton of ice produced 

varies greatly in different plants. This cost is a sur- 
prise to many engineers because few of them believe that it 
amounts to much. Every engineer should check up at the 
end of each month or year and compare the cost of am- 
monia per ton of ice produced with what it was during the 
corresponding period of the previous year. Cost of am- 
monia will be based entirely on two things. One is the 
loss of ammonia due to leakage, the other is the loss 
through decomposition. The former can be prevented while 
the latter loss is a natural one and cannot be avoided. 

Leaks may develop in any part of a refrigerating sys- 
tem, so to prevent leakage a constant watch must be kept 
on all pipe work and the apparatus which makes up the 
complete plant. The installation of new work must also 
be given proper consideration. 

It would be a money saving proposition if the erecting 
of ammonia equipment were given the same attention now 
that it was 30 yr. ago. Install the system right and the 
added expense will be less than the amount spent in doing 
over the things that were carelessly done in the first 
attempt. The following are a few simple and plain sug- 
gestions which are safe to follow when ammonia pipe work 
is being made up. Use good pipe. This does not mean 
that extra heavy pipe must be used for all the high pres- 
sure side of the ammonia system. There are many manu- 
facturers putting standard pipe on the market whose out- 
put is suitable for all high pressure ammonia work. Se- 
lected full weight standard pipe is used almost entirely 
now for ammonia condensers and it gives good service. As 
a rule, it is seldom that the pipe itself gives out unless 
there is a good reason for such failure. 

Standard pipe is not as thick as extra heavy and will 
break more easily at the threads if undue strain is placed 
upon it. It must be remembered that pipe work should 
not be erected so it is out of line and under a strain. Take 
all measurements carefully and put the pipe work up level. 
Use proper supports and hangers. A job cannot be called 
complete until the hangers are in place and everything 
painted or covered. Hanging pipe by means of wire and 
rope is all right during the erecting period but substantial 
iron hangers must be in place before the pipe work is put 
in service. 

In most plants there is one place where the pipe work 
must be watched closely for pitting. That is around the 
atmospheric type of ammonia condenser. Pipe work will 
not last long where it is subject to splashing water. The 
condenser pipes that are wet all the time will not pit any 
more than pipe that is dry all the time but where water 
splashes on the pipe, then dries and splashes again, pitting 
will start. This is more quickly noticeable if the pipe is 
hot as in the case of the discharge line from the ammonia 
compressor. 

Another weak point in .the piping system is where the 
flanges or return bends are.made up on the condenser 
pipes. The pipe has been reduced in thickness and strength | 
by the cutting of.the threads and rust or pitting will soon 
cause leaks. See that the circulating water flows uniformly 
over this part of the condenser. The water will then de- 
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posit a protecting layer of scale over the exposed threads 
and prevent pitting. 


Keep Bouts FREE or Rust 


Watch bolts for rusting. When new work is put up 


or when new gaskets and bolts are put in flanges, give the 
bolts a coating of graphite and oil. At least once a year 
clean the rust and scale from the bolts and give them a 
coat of paint. If this is done, a flange can be tightened up 
in case of a leak. ‘Too often a small leak at a flange will 
be allowed to continue just because rust prevents the bolts 
from being tightened. After new work has been installed 
or the overhauling of the plant completed, every bolt should 
be tried for tightness not later than 3 da. from the time 
the plant is put in operation. A week later every bolt 
should again be taken up. It is neglect of this follow-up 
system which causes leaks to start at flanges and valve 
bonnets. 

Thickness of the gaskets used in flanges must be given 
some thought. As a rule, thin material is best but there 
are many flanges which require thick gaskets or the flange 
will face up and still not press the gasket tight enough to 
prevent leakage. Rubber or composition gaskets will meet 
nearly all requirements and give good service. Rubber or 
composition will roll or tear when a twisting strain is put 
on it. Lead gaskets are best for such places as valve bon- 
nets where the bonnet is of the screwed instead of the 
flanged style; the lead will give no trouble as it will press 
into place and stay there. In places where an extremely 
narrow gasket is needed lead will give satisfaction when 
other materials will fail. 

Do not use inferior material just because it is handy or 
in stock. The difference in price between the best and the 
poorest gasket material is not enough to think of when we 
realize how much depends on the gasket. When flanges 
are taken apart it is best always to put in a new gasket 
when connecting up again for in that way you are sure of 
a tight joint. 

Many engineers prefer to bend pipe whenever possible 
instead of using fittings. It makes a neat and good job 
and does away with some screwed joints. When bending 
is done use extra heavy pipe. Common pipe may be all 
right but it is sure to be weakened by the stretching of the 
material on the outside of the bend. 

When it is necessary to reduce the size of pipe at a 
fitting and the proper reduced fitting is not on hand or 
easily obtained do not take a chance on using a common 
cast-iron bushing. Regular ammonia bushings should be 
used. If such bushings cannot be obtained or made a 
reduced coupling will be found safe. Reduced couplings 
are made of malleable iron and will not crack or split like 
cast-iron bushings. The use of cast-iron plugs is also a 
dangerous practice. Some cast-iron plugs are of the solid 
kind and are safe but most of them are nothing but a shell. 
A nipple and a malleable cap should be used instead of a 


cast-iron plug. 


Atways ALLow For PIPE EXPANSION 

Rigid pipe work is another cause of ammonia loss by 
leakage. In connecting several stands of ammonia con- 
densers or other coils together the connections between the 
stands or coils and the header should be made as flexible 
as possible. This can usually be done by placing the 
header 2 little distance away from the coils and using pipe 
bends between the coil and the header. When coils are con- 
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nected in a close rigid manner to a header there is always 
danger of cracking a flange when tightening up the bolts. 

Now that the sweat or soldered joint is not in general 
use care must be used to see that the threads on the pipe 
and in the fittings are good before trying to make a tight 
joint. A mixture of litharge and glycerine is about the 
best cement to use on ammonia work. Mix it thin and 
it will get into any small defects of pipe or fitting. Graphite 
and oil or oil alone are often used and give satisfaction 
except when the threads are not good. 

Some loss of ammonia is always accounted for through 
the packing of the ammonia piston rod. If good reliable 
packing of the exact size is used and the operating of the 
machine is given proper attention the rod packing will give 
little trouble and the ammonia loss will be small. If the 
packing does leak, it is foolish and wasteful to let it con- 
tinue. Shut down and pack the rod and stop the constant 
drain on the system. 

Direct cost of the ammonia is not the only loss charge- 
able to leaks. As the ammonia escapes, there will be a 
diminishing amount put into the system. This means 
that the charge of ammonia is becoming smaller with the 
result of loss in capacity or an increase in the cost ‘of pro- 
duction. 

If we are to save ammonia by preventing leakage we 
must have a regular system for the finding of leaks. As a 
rule, most leaks are first noticed by the fumes and our 
noses are the guides to locate the leaking point. But there 
are many leaks that can never be found by the smelling 
method. Sulphur sticks or candles should be used at reg- 
ular intervals for the purpose of finding leaks and every 


part of the system should be gone over thoroughly. 


WatcH CAREFULLY FoR Leaks IN OVERHEAD PIPING 

Do not neglect the pipe work that is on the roof or at a 
height above the ground. The ammonia from a leak in an 
overhead line will blow away and therefore can easily be 
overlooked. An engineer who really tries to prevent am- 
monia loss will never be satisfied if a sulphur stick will 
cause a cloud or even a trace of smoke at any point in the 
exposed parts of the system. 


In a plant having any double-pipe equipment or ap- 
paratus of the multi tube type tests should be made once 
every 24 hr. The time spent and the trouble taken will 
be fully repaid if but one leak is found during a season. A 
simple and sure way of testing this kind of equipment is to 
shut off the inlet and outlet water valves of one coil at a 
time. Leave the valves closed for about 5 min. and then 
draw a sample in a glass and test by smelling and also 
with Nesler’s solution or litmus paper. The manufactur- 
ers of ammonia will furnish both the reagent and the sensi- 
tive paper. If there are a great many stands of double- 
pipe condensers, all of them do not have to be tested one 
after the other. Test some the first thing every morning, 
some during the forenoon and the rest during the after- 
noon and evening. 

Small leaks in the coils of the ice tank and in shell and 
tube type brine coolers are hard to locate. A test of the 
brine by the use of Nesler’s solution or litmus paper will 
tell if there is a leak of fair size. A small amount.of am- 
monia can easily leak into the brine of an ice tank during 
a whole season and its presence never be known. The 
proper time to guard against leakage in the coils is during 
the time that the ice tank is being overhauled. 
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Stop the Leaks 


By A. R. Knapp 


HOPE to live to see the day when some enterprising 
manufacturer of power supplies will see fit to send to 
every engineer in the land a nice gilded frame to hang over 


his desk with these words inscribed thereon—“STOP THE ~ 


LEAKS.” It would give a finishing touch to many engine 
rooms, and would be a constant reminder to the chief that 
his job represents something more than keeping up steam 
and grinding out power. 

Theré is hardly a plant operating that does not have 
its quota of leaks. By leaks I mean losses—preventable 
losses—that can be detected and remedied by the applica- 
tion of a little energy on the part of the man in charge. 
It is such small losses here and there that will most surely 
lower the efficiency of a power plant. When the owner 
figures that it is costing too much to operate his plant, a 
fertile field is opened for the approach of the central sta- 
tion expert, and the engineer may find himself looking for 
another connection. 


Borter Losses ARE EXCESSIVE 

One does not have to seek far to find the source of pre- 
ventable losses in a power plant. Take the boiler, truly 
the fountain head of power. It is a greatly abused piece of 
apparatus, and the wonder is that it continues to perform 
its duty as well as it does. The efficiency of a steam boiler 
is miserably low at best, and every effort on the part of the 
engineer expended on this unit will pay good dividends. 
Baffling may be down, allowing the hot gases to short-cut 
to the stack. Leaky blowoff valves represent another posi- 
tive preventable loss so often neglected. 

Feed water is often fed to boilers far below the tem- 
perature that could be obtained by a little careful planning 
on the part of the engineer. All feed water piping should 
be covered with the best grade of covering obtainable. 
The writer was once employed in a plant where there were 
125 ft. of 4-in. feed water pipe between the pumps and 
the boiler drums, every foot of which was bare. At the far 
end of the line, the pipe was cool enough to lay the hand on 
without discomfort. This condition existed in a large state 
institution, but nobody seems to worry about state institu- 
tions. Every foot of bare steam piping is likewise another 
source of preventable loss. 

Cracks in the boiler setting represent such an easily 
detected loss that one would imagine there would not be a 
boiler wall in the land showing these small crevices. Yet 
they exist in hundreds of plants, and are on the job 24 hr. 
every day, admitting cold air to the boiler where it is least 
desirable. 


Pumps NEED PErtopiIc INSPECTION 


Steam pumps about the plant are often the cause of 
losses. Reciprocating pumps are great steam eaters, taking 
steam practically the entire stroke. It is no uncommon 
occurrence to find these pumps operating for years with the 
interior of the steam end never seeing the light of day. 
Good practice calls for periodic inspection of the steam 
cylinder.’ By this means, leaky piston rings and grooved 
and cut cylinders can be detected. The water end is al- 
lowed to run until the pump fails to deliver the necessary 
amount. of water. It is far more economical, and better 
service results when pumps are kept properly packed. 
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Another point is that the movable parts should be oiled 
occasionally. A pump is no camel in this respect, and a 
little oil applied to arms and levers greatly prolongs the 
usefulness of these members. In passing, it may be noted 
that there is no valid reason why steam and water should 
be squirting from stuffing-boxes. A little attention will 
stop these unnecessary leaks and improve the looks of 
things considerably. 


Ort WASTED ON ENGINE CYLINDERS 

Waste of oil in the average engine room (especially 
small engine rooms) is another item that I cannot pass by 
without mention. It is a safe bet to say that the majority 
of engine cylinders are over-lubricated rather than prop- 
erly lubricated. This is due largely to fear on the part of 
the attendant or engineer that the cylinder may go dry. 
Excessive cylinder oil often plays havoc with the boiler, 
and is usually the reason why the less efficient closed type 
of feed water heater must be used when pure steam is neces- 
sary in manufacturing. Excessive oil will get into the 
heating system, and eventually cause no end of trouble. 

Oiling engines by hand is a nuisance and wasteful of 
oil. The gravity oiling system piped to engine bearings is 
much more reliable and is certainly less wasteful of oil. 


CueEck UP on Factory LosssEs 

Out in the factory preventable losses are numerous. 
Take the steam piping for instance. A defective gasket in 
a steam main may be blowing steam. Multiply this by 
numerous other steam leaks of like nature, and a prodigious 
amount of steam can be wasted in a short time. Leaky 
valve stems represent another very apparent loss. Piping 
in tunnels often leaks due to poor supports or lack of sup- 
ports. The leak may go on undetected for months. Tun- 
nels are usually cramped and hot, and for this reason many 
men are reluctant to report leaks in these places. 

Steam traps are generally placed in such out of the way 
places that they seem to be entirely forgotten by the en- 
gineer. All traps will function properly for a time, but 
the day comes when parts become worn, and seats cut, then 
blowing through results. It is a wise plan to inspect your 
traps at regular intervals. 

Line shafting is another article of equipment that sel- 
dom receives the-attention it deserves. When was the last 
time, Mr. Engineer, that your line shafting was tested for 
alinement? Shafts out of line can waste a large amount of 
power, and this loss goes directly to the coal pile. Poor 
lubrication of shafting is another reason for wasted power. 

Belting is a greatly abused article. In some plants a 
systematic effort is made to keep belts pliable and in good 
running condition. But in many places, a new belt is put 
on, and forgotten. Often belts are run in hot places. With- 
out proper attention, a belt soon becomes dry and hard, 
cracks in numerous places, and fails to deliver the power 
applied to it. In a certain plant, ground rosin is the only 
treatment applied to belts. When a belt squeaks and slips, 
a handful of rosin is sprinkled on the belt face, which stops 
slippage for a few days. One can imagine the condition of 
belts in this plant—dry, cracked, and with the inner sur- 
face pulled off on many drives. 

Belting should be maintained as any other piece of 
equipment. The occasional application of neatsfoot oil ap- 
plied with a brush will keep them pliable and in good con- 
dition. 

Clean up, and check up on the equipment regularly, 
for your own as well as the owner’s benefit and profit. 
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Leakage Prevented in Gear Oil Pump 

GEAR OIL pumps, such as are used in conjunction with 
various machinery, will fail to pump to full capacity when 
worn. 

This is the type of pump in which two pinion gears 
revolve jointly, the oil being brought into one side of a 
casing and forced out at the opposite side. 

Examination of a worn pump will show, first, wear 
of the bearings, and second, wear in the gear casing at 
the ends of the gears. The top of the gear teeth do not 
come into contact with the casing or bear on each other 
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and consequently do not wear. Likewise the faces of the 
gears in contact will not prevent the pump from accom- 
plishing its work as it is through this space that the oil 
is carried or forced through the pump. 

Repairs which were made to one of the these pumps 
recently present a new and serviceable idea for restoring 
them to working condition. 

Bushing the bearings is part of the repair but this is 
not new. The feature in the repair consists in placing 
in one end.of the casing a spacing washer, shaped as 
shown in the accompanying sketch. This consists of a 
piece of brass; the thickness of which-is. determined by 
the play in the pump, with two bored’ holes spaced to the 
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gear distances to shut off the leakage. This, I have found, 
is a simple but serviceable wrinkle to salvage pumps 
which are not now working. 


Washington, D. C. G. A. Luers. 


Burning Small Sizes of Anthracite 

On pace 617 of the June 1 issue of Power Plant 
Engineering, Mr. Wakeman takes exception to Mr. Fisher’s 
article in the April 1 issue. I fully agree with Mr. Fisher. 
Soft coal fires will burn through in holes unless constantly 
leveled and kept covered over and to burn No. 1 buckwheat 
or anthracite screenings will require a grate with smaller 
air space than is necessary to burn sawdust because anthra- 
cite coal in any size has no coking qualities. To burn 
small size anthracite coal clear requires a pin hole grate 
or 3/16-in. air hole space grate and the fire is carried about 
2 to 3 in. thick. A thicker fire will not allow enough air 
to come through for complete combustion and the fire 
requires frequent cleaning to prevent the ash and clinker 
accumulating on the grate to a depth which would stop 
the air flow through such small air holes. In many plants 
anthracite screenings are not always obtainable and it is 
not easy to change grate bars to burn the soft coal which 
requires 4g to ¥%-in. air space. 

A mixture of soft coal and screenings may be used with 
3% or 14-in. air space grates. The soft coal cokes up and 
the screenings do not fall through in any appreciable. 
quantity after the fires have been started. A mixture of 
half screenings and half soft coal, or two of screenings to 
one of soft, often as high as four parts screenings to one 
part of soft coal is used, depending on the air space of 
the draft, the draft of the stack or forced draft fan, and 
the demand on the boiler for steam and whether or not 
they may be over-loaded. 

Cleaning of fires every two hours where anthracite coal 
is burned is a hot and laborious task and dumping grates 
are frequently used to save time and labor, as it is almost 
impossible to clean five or six fires in succession without 
loss of pressure. Screenings fires will burn through in 
holes quickly when being built up even with pinhole grates 
and require light sprinkling of the coal on the fuel bed. 
Where forced draft fans are used, as they usually are with 
anthracite screenings, more cold air rushes through these 
holes, than where natural daft is used. Few plants can 
burn small size anthracite without a forced draft fan as 
the highest stacks do not give sufficient draft for this kind 
of fuel. I had one plant of 9 return tubular boilers where 
we burned 35 T. of soft coal in 24 hr. We put in pinhole 
grates and forced draft fan, for although we had a 914-ft. 
brick stack 175-ft. high, we could not get sufficient: draft 
from’ the stack alone to burn this small size fuel. The 
addition of the forced draft fan .cut the amount of coal 
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down to 26 T. in 24 hr. I also had one plant of 7 return 
tubular boilers where the cost of fuel was reduced by the 
use of pinhole grates and forced draft fans, using anthra- 
cite screenings in place of soft coal. The main difficulty 
is to keep the holes covered in the fuel bed, as the fires 
had to be kept so thin to get the right draft and tempera- 
ture that they burned through quickly. 

This action is due to the difference in the size of the 
coal. Screenings contain all sizes from 14-in. down to 
dust and in firing the 14-in. size all lands on one spot of 
a grate, while the dust or smaller size lands in another 
place, the larger 14-in. size allows the air to pass through 
more freely and combustion is rapid, while the finer size 
and dust coal burns slowly. Hence, the fire burns through 
in holes quickly. The buckwheat size is about 1% in., and 
is screened to take out the finer dust size and burns more 
evenly, but this size requires such a draft that it fairly 
lifts from the grates and is hard to fire. The cost of 
screening to this size drove the buckwheat size of anthracite 
out of the market and it is now sold as screenings of 14-in. 
size and less, often called anthracite dust, which can be 
burned with forced draft and proper size and height of 
stack on pinhole grates, or mixed with soft coal and 
burned on %& or 14-in. air space grates with natural draft 
as desired. 

Where the stack is small or short for the size and 
number of boilers of the plant, there is a pressure built 
up in the flue tubes and furnace above the grates, which 
causes the gases to come through the brick work of the 
setting, which causes rapid destruction of the brick set- 
tings. In one plant the writer had four return tubular 
boilers with a small stack, just sufficient for three boilers. 
It was large enough when only three boilers were in opera- 
tion but at times four boilers had to be used and the 
pressure built up to such an extent that the flame would 
come out of the furnace doors 3 ft. when the firemen were 
coaling over the fires. When soft coal was mixed with the 
screenings, the back draft drove flame from the doors as 
much as 6 ft. This trouble was overcome by putting up a 
small high steel stack beside the brick stack. If the stack 
is just sufficient in size and height to carry away the gases 
from the furnaces and a forced draft fan is used, the same 
back draft troubles are experienced each time the fan is 
overspeeded. For this reason many owners prefer to use a 
forced draft fan and an induced draft fan in place of a 
forced draft fan and stack, as the induced draft fan can 
be speeded up to any stack draft desired to carry away the 
gases from the furnace and often serves the purpose of 
both fans for a time, when repairs are made on the forced 
draft fan. Small sizes of anthracite coal can be burned 
to better advantage with such equipment. 

Cambridge, Mass. R. A. Currra. 


In the Good Old Days 


IN THE May 1 issue of Power Plant Engineering, the 
article on Muck-Hole Mechanics brings to mind several 
of my own past experiences. I remember one time in my 
early wandering I took a job as engineer for a sawmill in 
Kentucky. When I arrived, they said the plant had run 
only ten days the previous month due to engine trouble. 
I went out and looked the engine over; it.was a littlé past 
the stage of junk but I went to work and in two days had 
the valves adjusted so it would pull the load. Then I 


ENGINEERING 


717 


looked over my boilers. They were of the return tubular 
type. When I asked the fireman when they had been 
washed out and cleaned internally, he remarked that he 
had been there 6 yr. and it was the first time he ever heard 
tell of any such foolishness as cleaning the inside of a 
boiler. So on Sunday I had one boiler off and looked into 
it. How it ever made steam is a,mystery to me. 

When I called the superintendent’s attention to it, he 
was in no way moved until I told him that unless he 
cleaned it up and treated his water they would have to 
buy new boilers inside of 6 mo.. I managed to keep things 
going for 2 mo. by working day and night and as I was 
paid for overtime, the company decided I was making too 
much money and ordered the overtime cut out. The next 
day one of dutch oven furnaces in which we burned wood 
slabs and saw dust caved in and I packed up and quit. 
I was, however, ahead of Brother Brown; I received my 
wages in full. Though I have been on a few jobs where 
I didn’t. 


New Kensington, Pa. . James H. Cox. 


Handy Adjustable Wrench 


Berne In need of a long handled adjustable wrench 
with rather a large opening, I made one as shown in the 
accompanying sketch. I have found it a mighty handy 
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tool and it is one which anyone can make if he has a hack 
saw and drill. Two pieces of steel and a wing nut are all 
that is required. After the pieces have been drilled, bent 
and cut to shape they are tempered. The saw cuts on the 
part B are to prevent movement after the thumb screw 
has been tightened. 

JOHN THORN. 


Acetylene Welding 


A. R. Knapp’s article on page 500 of the May 1 issue 
on acetylene welding is both timely and interesting and 
should be taken seriously by those who as yet have not a 
welding outfit in the plant. They have been used for years 
in the plant in which I am employed and have saved a 
good deal of money both in time saved on repair work and 
in material. 

One small instance in which it was used to good advan- 
tage was in replacing some broken off foundation bolts 
on an engine. They were broken off even with the bed 
plate and to put new ones in it would have been necessary 
to do a lot of cutting and drilling into the foundation. 
This wouid have taken a lot of unnecessary time and labor. 








Instead a small hole was cut under the base of the engine 
around the broken bolt and another piece with a long 
thread was made and put down on to the end of the broken 
off bolt. The ends were then welded together with an 
acetylene torch, the welder lying on his side to do the work. 
The holes were then filled with grout and the bolts were 
as good as new. This saved much time and labor which 
are costly items. 


Hudson, N. Y. D. L. Simmons. 


Repairs to a Pump 


WHILE WORKING in New York one winter, one of the 
pumps in our plant became so badly frozen that we could 
not run it at all. We thought we would get a new base 
for it and accordingly wrote to find out what it cost. The 


















































CRACKED DISCHARGE CHAMBER REPAIRED WITH A STRAP 


answer was $105. This was rather excessive, we thought, 
so decided to make a repair ourselves. 

After the pump had been taken down ana cleaned, we 
discovered that the break consisted of a crack running 
through the discharge chamber and extending across the 
cylinder. A bar of iron 4 by 1-in. was made to go around 
the cylinder, to be tightened with bolts. A good coating 
of iron cement was prepared and when the job was ready, it 
was put in and the iron strap was tightened. Four bolt holes 
were also put in the front side and tightened in cement. 
After the cement was hardened, the valves were ground in, 
then the pump was put together and started up. After 
we were convinced that it would hold water, it was put on 
boiler feed service and has been running that way ever 
since. That job cost us just $12.50. 


Utica, N. Y. M. M. Brown. 


Belts and Belt Dressing 


In THE June 1 issue of Power Plant Engineering, 
page 603, the writer read with interest the advice to apply 
some animal oil such as neatsfoot oil to leather belts that 
are in a dry warm place: It is said that they require some 
oil to make them pliable and to make them grip. 

It is true that belts, when allowed to become dry, will 
become weak and will wear out prematurely. It is also 
true that putting dry powdered resin on a belt to make it 
pull is a bad thing for the belt. The writer is surprised, 
however, to see this recipe for keeping belts in a good 
pliable working condition during the summer time: “Bees- 
wax, 4 lb.; pitch, 5 lb.; resin, 3 Ib.; neatsfoot oil, 13 lb.” 

If resin in dry form and alone is bad for belts, it is 
equally bad when mixed in any preparation just as arsenic 


POWER PLANT 
718 ENGINEERING 








July 1, 1924 


is bad for the human system whether taken alone or with 
something else. There should be no resin in belt dressing 
of any kind—either liquid or stick dressing. 

As for neatsfoot oil, before applying it to leather belt- 
ing, a good test that anyone can make is to apply some 
to a short piece of belting. Put on enough so that it will 
penetrate into the belt. It will be found that neatsfoot oil 
makes the belt unusually flabby and soft and that it will 
stretch easily. Worse than that, if kept in a warm place 
the leather will soon begin to rot and the leather fibers 
will be harmed. There is no question but that the applica- 
tion of neatsfoot oil to leather belting kept in a warm place 
results in shortened life for the belt. 

There is no good reason why neatsfoot oil, castor oil, 
boiled linseed oil, tallow, beeswax, pitch and other similar 
harmful substances should be used as long as there are 
good high grade belt dressings on the market which do 
not contain harmful ingredients. Reputable manufactur- 
ers of belt dressings have devoted many years of careful 
study to the development of belt dressings that are pre- 
servative and that add to the life of the belt rather than 
detract from it. Castor oil and neatsfoot oil will cause 
decay after a while and will eventually do more harm than 
good. Temporarily they may appear to benefit the belt 
and they may actually improve the belts’ tractive power, 
but why use them when a preservative, beneficial belt dres- 
sing is obtainable? 

While it is true that castor oil is oftentimes better than 
nothing at all, the writer is at a loss to understand why 
castor oil is so frequently recommended for application to 
belts when it has been proven time and again to be harmful 
to the belt’s fibers. What is more, it does not prevent slip 
as well as does a treatment made especially for belts. 

There is an actual example that the writer has in 
mind, that of a 12-in. belt which connected a 4-ft. driving 
pulley, running at 213 r.p.m. to a 14-in. driven pulley. 
This belt drove a 682-light dynamo, and even when treated 
with castor oil, had to be run tight with a man constantly 
at hand to prevent it slipping off the pulleys. When the 
belt slips, the lights of course are bound to flicker. Later 
on, a belt dressing, made especially for belts, was applied 
and the drive was so improved that an 850-light dynamo 
was substituted for the 682-light unit. In spite of the 
25 per cent load increase, the same belt now runs quite 
slack, does not slip, and requires no attention. 

One of the objections to castor oil is that it is gummy. 
The gum in solution is carried in and among the belt 
fibers as far as the oil penetrates. The liquid parts of 
these oils slowly dry out and leave the gummy element, 
which continues to stiffen, and sooner or later becomes 
hard enough to crack. When these elements crack, the 
belt fibers crack with them. This explains the fine trans- 
verse cracks, particularly across the backs of belts which 
have had initial or subsequent treatment with castor or 
linseed oil. It is these same gummy elements that make 
a belt so treated look slick and smooth, and, in a measure, 
lessen its tendency to slip. Both of these oils also decom- 
pose into harmful fatty acids. Proof of the decomposition 
of castor oil can be had by placing some in an uncorked 
bottle, setting this in strong sunlight or in a warm place 
and in time observing the changed appearance. 

Newark, N. J. : W. F. ScapHorst. 
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Is the Expansion Valve at Fault? 


I wouLp appreciate it if some of the readers of these 
columns who have had experience in the matter will explain 
just how to regulate the expansion valves on an ammonia 
ice making system to get the best results. We have two 
ice making tanks, one containing 836 cans and the other 
240 cans. The larger tank operates on the flooded system 
and is provided with an accumulator having a tell-tale 
pipe. I have tried keeping this tell-tale frosted and I have 
tried keeping it dry but the net result is always the same. 

We carry our condenser pressure from 175 to 200 lb., 
in hot weather, and the suction pressure from 10 to 16 |b. 
If we carry a higher suction pressure, liquid ammania 
comes back and the machine becomes frosted over and 


begins to pound. Sometimes we can get the temperature . 


down quite easily and at other times not. The large tank 
has four valves and the small tank two. C. M. 


Paint for Use in Contact with Oil 

WE HAVE recently installed a large steel tank which is 
to be used as a reservoir for engine oil as it comes from 
the engine. This oil will be warm and will contain some 
water so that there will be an accumulation of water in 
the bottom of the tank most of the time. I would like to 
paint the inside of this tank so as to check corrosion but I 
do not want the paint to affect the oil and I am at a loss 
to know what kind of paint to use. 

Have any of the readers of Power Plant Engineering 
had any experience with paint for this purpose? If so, I 
would appreciate hearing about it. C. B.S. 


Is the Governor Over Sensitive? 


I am at present operating two Vilter-Corliss engines © 


in an ice plant, one 12 by 36 in., running at 64 r.p.m. and 
one 10 by 20 in., running at 84 r.p.m. The larger unit 
cuts off at 1/7 and the smaller at about 1/5 stroke. When 
running up to speed, the governor on the small engine 
holds its position steady but the governor of the large unit, 
with a constant load, works continually up and down with 
a movement of from 1% to & in. 

What is the cause of this erratic performance and how 
can it be remedied ? W. B. C. 


Oil Tank May Float 


In a neighboring plant they are installing oil burners 
and two underground storage tanks for the crude oil, hav- 
ing a capacity of 15,000 gal. each. The engineer on the 
job has laid out a plan calling for 20 T. of concrete for 
a foundation with foundation bolts and steel straps, 14 
by 214 in. over the tanks, bolted down to this foundation 
with concrete covering over the top. 

He claims all this weight is necessary to hold down 
these tanks, as crude oil has a certain lifting power, and 
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when full will rise if not held down. As this is a new one 
on me, kindly advise me whether there will be any lifting 
of the tanks. G. H. W. 

A. Any water-tight vessel, located below ground 
where it is likely to be entirely submerged in water at 
times, must be anchored down or else a buoyant effect 
will manifest itself and the vessel, whatever it may be, 
will have a tendency to float just like any boat. 

Water at its maximum density weighs about 62.5 Ib. 
per cu. ft. and any object weighing less than this will be 
buoyant in water. 

It is because of this buoyancy that sometimes you will 
find that condenser room pits which have to be located 
below the flood water level are frequently anchored down’ 
to bed rock or weighted in some way to prevent flotation 
when they are entirely surrounded by water. It is because 
of this, then, that the oil tank which you mention must be 
weighted down. A 15,000-gal. tank will displace approx- 
imately 127,000 lb. of water when completely submerged. 
In order to prevent flotation, then, the empty tank, with 
whatever additional material is used to weigh it down, 
must weigh not less than 127,000 lb. or say, 61 T. 


Bracing for Boiler Heads 
‘We HAVE a 40-in. tubular boiler, the front and rear 
heads of which are shown in the accompanying sketch. I 
would like to know how many and what size crow-foot 
braces should be used to withstand a pressure of 200 Ib. 














AREAS OF BOILER HEADS TO BE STAYED 


The unsupported sector of the head is 34 in. wide and has 
a rise of 10 in. One head has a 10 by 16-in. manhole, rein- 
forced to compensate for the material cut out. Please 
show a simple formula, one that can be easily applied for 
all practical purposes. J.C. B. 


Hammering in Water Piping 
Our WATER tank is about 70 or 80 ft. above the hy- 
drants ; it is 6 ft. by 6 ft. and holds between 4 and 5 ft. 
of water. The supply line is 1144 in. all the way. Why 
is there a series of hammering knocks heard when the 
hydrant is shut suddenly and not heard when it is shut 


slowly? Is the pipe running full of water when the 
hydrant is wide open or are there air bubbles rushing in 











when open? Is the pounding caused by air in the pipes, 
or is it because the pipe is full of water and the motion 
is stopped suddenly? Is the pressure at the 114-in. open- 
ing of the hydrant greater than it would be if the opening 
were reduced to 14 in.? There are several branch lines 
on this line; is it possible that these help to cause the 
pounding? Is it possible that the water runs out faster 
at the hydrant than it flows into the pipe from the tank? 
If it were possible to have a tapered pipe from tank to 
hydrant would the knock still exist ? a 

A. When a stream of water is moving along in a pipe 
line it possesses a certain amount of kinetic or velocity 
energy. If the flow is suddenly stopped, this energy is con- 
verted into potential or pressure energy and considerable 
pressure builds up in the line. The rate of pressure increase 
corresponds with the rate of decrease in flow, hence if your 
valve is closed suddenly, the pressure at the valve increases 
suddenly and the knock such as you describe results. 

Unless your hydrant is arranged so that it is supplied 
from a vertical length of pipe leading down directly from 
your overhead tank; there will be no air bubbles when the 
valve is opened. 

As long as the water in your hydrant line is at rest the 
pressure at a 114-in. opening would be the same as that at 
the 14-in. opening, providing the two were at the same 
level. When the water is in motion however, the flow will 
be greater through the 114-in. opening, consequently the 
friction loss in the pipe leading to the opening will be 
greater. This condition would tend to make the pressure 
at the 114-in. opening somewhat less than that at the 14-in. 
opening. 

Branch pipes would probably have no effect on the 
hammering. 

It is not possible that water would run out of the 
hydrant faster than it runs into the supply pipe at the 
tank. 

A tapered pipe, such as you suggest, would have no 
effect in reducing the knock. 


What Is the Correct Receiver Pressure? 


Can you tell me of a simple and practical method of 
determining the correct receiver pressure for a compound 
condensing engine having a cylinder ratio of 4 to 1 and 
operating with an initial pressure of 150 Ib. and a 26-in. 
vacuum ? E, A. R. 

A. To secure maximum efficiency in a compound 
engine the amount of work done in the two cylinders 
should be equal, i. e., the product of the mean effective 
pressure and the swept volume in the high pressure cylinder 
should be equal to the product of the mean effective pres- 
sure and the cylinder volume of the low pressure cylinder. 
For a non-condensing unit this condition is met approxi- 
mately when P, =P, -~- R, where P, is the receiver pres- 
sure, P the initial pressure and R the cylinder ratio. The 
cylinder ratio here should be so designed that R = 
V (P, + P,) where P, is the back pressure. In this case 
P,= V(P,X P,). | 

For condensing engines the value of P, is sometimes 
so small that the value of R, found by the last equation, 
may be excessive for practical purposes. In this case P, 
may be replaced by some limiting value, P,, which may 
vary from about 3 to 6, depending on the judgment of the 


designer. The; cylinder..ratio would then be R= 
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V(P,+P,). Then if R,—=V(P,+P,), the receiver 
pressure may be found from the following relation, 
P,= P, =v (RB X R,’). 

Assuming an average value of P,, say 4.5, this equation 
may be simplified to P, = 1.28 VP, X *VP3. 

All pressures are absolute. 

Applying this equation to the values specified, we find: 

» = 1.28 165 */2 
= 1.28 12.85 & 1.26 
= 20.7 lb. abs. or 6 lb. gage. 

The value for P, given, 2 lb. per sq. in. corresponds 
approximately to an absolute pressure of 4-in. of mercury, 
which corresponds to a vacuum of 26 in., referred to a 
30-in. barometer. 


Safety Valve Capacity 

How Is the discharge capacity of a safety valve found? 
Specifically I want to know how many square feet of grate 
surface can be handled by a 4-in. bevel seated valve? 

W. W. C. 

A. The extent of grate surface that can be safely 
handled by a given size safety valve depends upon a num- 
ber of factors, among them the maximum rate of combus- 
tion, the heating valve of the fuel and the maximum boiler 
pressure allowable. The American Society of Mechanical 
Engineers’ boiler code gives, for safety valves with 45-deg. 
seats, the equation 

V=161,000X PXKDXL 
Where V is the number of B.t.u. in the fuel that can be 
handled by the valve per hour, P is the maximum allowable 
working pressure, absolute, D is the diameter of the valve 
and L the lift. 

Tables of safety valve capacities and dimensions indi- 
cate that a 4-in. valve will have a maximum lift of 0.12 in. 
If we assume 150 lb. maximum allowable pressure then 

V = 161,000 & 150 & 4 X 0.12 - 
= 11,592,000 B.t.u. per hr. 

If it is further assumed that coal having a heating 
value of 12,500 B.t.u. per lb. is burned, with natural draft 
at a maximum rate of 20 lb. per sq. ft. of grate per hour, 
then the grate area that can be handled by the valve will be 

A = 11,592,000 — 12,500 — 20 
= 46.4 sq. ft. 

If forced or induced draft is employed or if the natural 
draft is particularly heavy then obviously the grate area 
that can be taken care of by the safety valve will be 
reduced. 


Efficiency of Double Riveted Butt 
Joints 


In a double zigzag-riveted butt joint with two cover- 
plates the pitch of the rivets is 44% in. The rivet holes are 
+%-in. diameter and the plate is 34-in. thick. If the ulti- 
mate tensile strength of the plate is 58,000 lb. and the 
shearing strength of the rivet is 40,000 lb., what is the 
efficiency of the joint? F. H. 

A. The efficiency in tension of a double riveted butt 
joint is given by the relation: 

Et = (p—d) X 100 +p 

With the. dimensions given in your problem then, Et 
= (444 — 18) X 100 + 44% = 177.4 per cent. 

Efficiency in shear is given by: 

.- Es =1.8 X 3.14. x d X Us X 100 + 2 pt Vt. 
. Substituting the values given, Es = (1.8 X 3.14. X 
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0.88 X 40,000 x 100) + (2 K 4.125 & 0.75 & 58,000) 
== 55.4 per cent. 

The net efficiency of the joint is, of course, the smaller 
of these two values or 55.4 per cent. 


Effects of Impurities in Steel 


Wuat ARE the objections to a large per cent of sulphur 
and phosphorus in steel plates? 

2. Is there any difference in the manufacture of flange 
and fire box steel if both have the same physical and chem- 
ical contents ? 

3. What is the difference between cast steel and so- 
called flowed steel? Also, what is the tensile strength of 
each ? : 

4. Which resists the action of corrosion the more, iron 
or steel? Why? J. A.C. 

ANSWERS 

THE DIFFICULTY with sulphur in steel plates is that it 
produces red shortness, i. e., it makes the steel brittle at a 
red heat, therefore, difficult to work. The presence of sul- 
phur has no effect on the strength one way or the other. 

Phosphorus in any quantity makes the steel cold: short, 
i. e., brittle under the conditions in which it will be used. 
A moderate amount of phosphorus does, however, increase 
the tensile strength of the steel. One-tenth of 1 per cent 
increase in the phosphorus adds about 890 lb. tensile 
strength per square inch for acid open hearth steel and 
about 1050 lb. per square inch for basic steel. 

2. There is no difference in the methods of manufac- 
ture of flange and firebox steel. They are both open hearth 
products and the difference is secured by the difference in 
the charge put into the furnace. Flange steel as specified 
by the American Society for Testing Materials has from 0.3 
to 0.6 manganese, not over 0.05 of sulphur, a tensile 
strength of 55,000 to 65,000 lb. per sq. in. elongation at 
fracture in 8 in. of 25 per cent. For acid process steel, the 
phosphorus is to be not over 0.06 and for basic steel not 
over 0.04. 

Firebox steel has slightly different characteristics, the 
object being to get a slightly softer steel. Manganese is 
from 0.3 to 0.5 sulphur, not over 0.04 tensile strength 
52,000 to 62,000. Elongation 26 per cent, phosphorus not 
over 0.04. The two grades run close together but there is 
sufficient difference in the characteristics so that the steel 
people have thought it worth while to make distinction. 

3. Cast steel is a term variously used. The original 
name was applied to what is now more frequently known as 
crucible steel. This is a steel made in crucibles by the 
heating of either blister steel or refined wrought iron with 
a carbonaceous material. Bone charcoal is often used. 
These crucibles are covered and heated for a long period at 
moderate heat, the carbon being absorbed to a degree by 
the metal. It gives an exceedingly uniform product. 

Cast steel is the name now frequently applied to steel 
produced by the open hearth process and cast into ingots 
in moles. It has practicatly the same characteristics as fire- 
box steel but as commercially applied, its phosphorus, sul- 
phur and manganese content may. vary rather widely and 
the tensile strength may be almost anything from 45,000 
to 67,000. 

The term flowed steel is one which we do not find in 
common use. There is a German term “fluss stahl” which 
is applied to an open hearth steel having a high carbon 
content and a strength of 71,000 lb. per. square inch. 

4. Much difference of opinion has been‘éxpressed' as to 
the resistance to corrosion of steel and wrought iron. Evi- 
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dence has been presented in favor of each material by its 
partisans and tests have been made which seem to show 
that under like laboratory conditions steel pipe stands up 
rather better than wrought iron pipe. 

For practical working conditions, however, the wrought 
iron pipe people seem to have the better of the argument 
so far as records of durability are concerned but this may 
be due to the fact that wrought iron pipe has been in use 
longer than steel pipe. Explanations of why one or the 
other is more durable vary with the man who is making 
the argument and we do not believe that any really scientific 
explanation why either one or the other should be more 
durable has as yet been produced. 


Subtractive and Additive Polarity 


Witt you kindly explain the difference between sub- 
tractive and additive ney as applied to transformer 
practice ? R. C. C. 

A. Take a single phase transformer having two high 
and two low voltage terminals. Connect one high voltage 
terminal to the adjacent low voltage and apply a potential, 
V, across the two high voltage terminals, as indicated in 
the accompanying diagram. If the voltage, V,, across the 
unconnected high and low voltage terminals is less than - 
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TRANSFORMER WINDINGS TO GIVE SUBTRACTIVE AND 
ADDITIVE POLARITY 


the voltage applied across the high voltage terminals, the 
polarity is subtractive and, if greater, it is additive. 

Polarity standards recommended by the National Elec- 
tric Light Association are that “Subtractive polarity shall 
be standard for all single phase transformers, except for 
transformers of voltage ratings of 7500 v. and below and 
in sizes 200 kv.a. and less, in which classes the polarity 
shall be additive.” 

Polarity is determined by the direction of the windings 
of the primary and secondary coils. If current flows in 
opposite directions in the two coils, the polarity is additive 
and if in the same direction the polarity is subtractive. 

Practically there is no difference in the operation of 
two transformers, one wired for subtractive and the other 
for additive polarity. The distinction is of value purely 
in simplifying the connections. All transformers that are 
to be connected up in parallel should have the same polar- 
ity. In this case similarly located terminals should be 
connected together. 


Mud Drum Must Be Free from Setting 


Ir ‘THE mud drum of a B. & W. boiler rests upon the 
brick work, what harm will result? When is this condition 
most noticeable? E. E.. C. 

A.. If the mud drum of a B: & W. boiler rests upon 
the brick. work, it will have the weight of the boiler upon 
the brick work when heated, caused: by the expansion of 
the headers and nipples. ‘These ‘parts: will sustain the 
weight of the rear:of the boiler, causing the nipples to 
leak in the headers and saddle piece,: resulting in’ serious 
leaks. ‘The mud drum should never rest on the brick work. 
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Condensate from the World’s Power Plant 


CoMPARISON. By WILLIAM SIBLEY 


Business in Presidential Years 


Business in 1924 may be below normal. If so, it will 
~ not be because a president is to be elected. It may be a 
year of real prosperity but not because it is a presidential 
year. 

Except the reactionary 1920, there have been five presi- 
dential years since 1880 when business was above normal 
and five presidential years when business was below normal. 
In all these years, except 1896, the business trend con- 
tinued upward or downward unaffected by the period of 
election. 

In 1880 business was approximately 10 per cent above 
normal. In 1884 business started at 10 per cent below 
normal and continued to recede until it reached 20 per 
cent by the middle of 1885. In 1888 business was 8 per 
cent above normal. In 1892 business was 10 per cent 
above normal. In 1896 business was 12 per cent below 
normal. In 1900 business was 5 per cent below normal. 
In 1904 business was 2 per cent below normal. In 1908 
business was 3 per cent below normal. In 1912 business 
was 6 per cent above normal. In 1916 business was 15 per 
cent above normal. In 1920 business was reactionary— 
not comparable. 

Five lean years—five fat years—one reactionary year. 
It would seem that the old superstition that a presidential 
year means poor business is a myth. 


Play Down the Investigations 


One of the gratifying developments of the past few 
weeks is the order given to Washington newspaper cor- 
respondents to “play down the investigations.” 

That order should have been given a long time ago. 
We should never have heard much of the piffle and balder- 
dash that has filled the newspapers during the past several 
months, for a great deal of it was just naked lies; and lies 
are terrible things. The real danger in having them around 
is that you, otherwise sane, are liable to repeat them, thus 
sending them on their destructive way: 

Lies are humming birds with eagles’ wings and the 
voice of a Big Bertha. They have caused more trouble in 
these almost United States than all the cyclones, tornadoes, 
yellow fever, gout, chinch bugs, smut, rust, ticks, fleas, 
scorpions, indigestion, boll weevils, rattle snakes, spring 
fever, blizzards and floods than we have ever known or ever 
will know until the universe closes up shop. 


Investigations and Citizens 


Some new investigations will start and continue through 
the summer. Practically all of the old ones will be con- 
tinued. Teapot Dome will boil as long as the radical ele- 
ment can keep a fire under it. The Revenue Bureau, Ship- 
ping Board, Bureau of Engraving, Veteran’s Bureau, Air- 
craft, Attorney General’s office, Prohibition, and others will 
come in for their share of trouble. We predict that the 
insurgents will make this year’s campaign contributions a 
subject for investigation. The principal object of it all is 
to shatter confidence and faith in the government to the 
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extent that enough votes may be pulled away from the two 
old parties to elect the radical element to office this fall. 

And this country will be safe from investigations and 
scandal only when it realizes that no one man—no one 
department—no one party is to blame for present condi- 
tions. There will be investigations until the realization 
comes that we, the American people, merely see our reflec- 
tion in Washington. The Washington situation is merely 
typical of nation wide conditions. 

The Red agitator proclaims openly. “To hell with all 
government, all churches, all synagogues.” Violators of 
law, whether it be prohibition, speed laws, child labor, or 
other laws, say by their acts which speak louder than 
words: “To hell with all government and all laws which 
are contrary to our personal desires or to the gratification 
of our individual pleasures.” 

He who violates the law, in any place, merely to satisfy 
his personal appetite or profit, should not blame him who, 
in Washington, breaks a law to the profit of himself. 
Those who have broken faith with the Constitution of the 
United States by conniving to override its provisions are 
in no position to censure the man who breaks his oath of 
office and sacred trust to sell or buy some oil. 


Destruction Exceeds Production 


Originally the United States had 800,000,000 acres of 
forest land. Today less than one-half that area can be 
called “timber land” and only about 1/6, or 137,000,000 
acres remains virgin or uncut forests. 

More than 30,000 fires occur in the forests of this coun- 
try every year. They result in the devastation of between 
three and four millions of acres of timber annually. Some- 
thing over 7500 of these forest fires are caused by care- 
lessness or vandalism. 

Timber is being used or destroyed in the United States 
four times as fast as it is growing. 


Prosperity Shown in Hugh Freight 
Movement 


More cars were loaded with revenue freight during the 
first thirteen weeks of this year (January 1 to March 29) 
than any corresponding period on record. The total for 
the 13 weeks was 11,587,274 cars. 

This was an increase of 270,534 cars over the cor- 
responding period in 1923, which-had set a high record 
in itself. Compared with 1922, it was an increase of 
1,686,137 cars. 


Spending More Than We Earn 

Total wealth of the United States at the close of 1922 
was $320,803,862,000. This is an increase of 72 per cent 
over the total wealth as of 1912. The increase therefore 
was 7.2 per cent annually. 

The total net public debt, not considering the war or 
national debt, increased at the rate of 12.8 per cent a year 
during the same period. ; 
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Increasing wealth at the rate.of 7.2 per cent and indebt- 
edness at the rate of 12.8 per cent is not so good. It 
means that we have, during the past 10 yr., spent over 
$105 for every $100 earned. Uncle Sam, watch your step! 


We Need Another ‘‘Big Stick” 

Back in the days of 1870—1900 big capitalists enjoyed 
a dominant position, and their exploitation reached its 
zenith. Child labor was employed; wages were low; re- 
straint of trade was practiced; monopolies were formed 
and trusts created ; prices were unnecessarily advanced and 
lobbyists were employed to intimidate or bribe legislators 
and to ward off adverse legislation. / 

That condition continued until there came a man pos- 
sessed at once of the three attributes necessary to combat 
such a combine: personality, fearlessness, clearheadedness. 

The manner in which he wielded the “Big Stick” and 
the way he enforced the Sherman Anti-Trust law should 
have served as a caution to all those bent upon the estab- 
lishment of any policy detrimental to the public. Through 
personality he won his place; fearlessly he attacked and 
overcame the powerful moneyed interests; by clear think- 
ing he made a return to the then existing conditions 
impossible. 

During the recent war opportunity placed big labor 
leaders in the saddle. We are now having restraint of trade, 
monopoly, advanced prices and exploitation. Another 
wielder of the “Big Stick” is needed. 


Taxes or Dividends 

At the present time the railroads of the United States 
are paying out more in taxes than they are in dividends. 
The $301,003,227 they contributed to the public treasury 
in 1922 is 11 per cent greater than the $271,576,000 they 
turned over to their security holders in interest and divi- 
dends. In the last ten years, railroad tax payments have 
increased 135 per cent and dividends decreased 16 per cent. 

The great bulk of present-day railroad effort results in 
direct contributions to the general public’s welfare rather 
than in corporation profits. The railroads are really 
working harder for the general public than they are for 
their owners. 

Railroads have been likened to the arteries in the 
human body. It is an excellent comparison. Without 
arteries we would cease to be. Without railroads, or ade- 
quate transportation, prosperity would cease to be. 

Railroads should be protected from unwise legislation. 
When a few senators propose higher taxation, lower rates, 
or other detrimental laws they should receive a demonstra- 
tion of aroused public opinion. 


High Building Costs 

Report of the National Industrial Conference Board 
states that bricklayers in fifty cities are paid $1.25 an 
hour ; plasterers in 44 cities, masons in 28 cities and lathers 
in 12, receive a similar wage. The Board’s survey reveals 
uniformly high wage rates for practically all classes of 
building trades workers and the board attributes to this 
fact the doubling of building costs in the last 10 yr. “dur- 
ing the country’s greatest construction: boom.” 

No reason for the high labor cost is given, presumably 
because it is so well understood. Low output, shortage of 


ENGINEERING 


723 


workers and high wagesshaye not been sufficient to prevent 
a remarkable building boom, but have been instrumental 
in restricting the erection of homes needed for working- 
men’s families. 

As the need for more buildings becomes less pressing 
we are wondering if these influences will not materially 
shorten the life of the boom. E. M. Statler has announced 
that the proposed Statler Hotel in Boston will not be 
erected until prices of building labor and materials register 
a material reduction. Continually pyramiding costs made 
it evident that a profit could not be made on a hotel built 
under present conditions. Coincident with decreased de- 
mand, builders of office buildings, apartment houses, and 
dwellings may reach a like decision. 

It is estimated by the Architectural Forum, a leading 
trade journal in that field, that during 1924 expenditures 
for new buildings in the United States will be in excess 
of $5,560,000,000. It is of interest to know that the middle 
states group leads the six sections into which the country 
is divided. The North Atlantic states rank second in this 
estimate, being about 33 per cent below that accorded the 
Middle States. 

This estimate gives schools the lead over all other single 
divisions, which seems most gratifying. It is estimated 
that over $802,000,000 will be expended on schools this 
year. Hotels are second with a sum exceeding $635,000,000. 
Apartments rank third, being accorded $568,000,000. 

The economic situation in this country today (and the 
possible trend of things) may be summarized as follows: 

We shall have successive periods of excess production 
of goods, due to industrial miscalculations. These will be 
followed by periods of digestion. It is clear now that 1923 
was, generally speaking, a year of over-production and 
that most of this year will be a period of digestion. 

Ir you run an excuse factory, sell out and take up a 
line that pays. One half the gray matter expended on the 
generation of an excuse would have prevented the error 
every time. 

ACCORDING TO FIGURES compiled by the National In- 
dustrial Conference Board, there was a further recession 
in manufacturing aetivity during the month of April, 1924. 
Although there was no significant change in earnings, em- 
ployment declined 2.5 per cent from the preceding month 
and the average hours of work per wage earner fell off 
nearly half an hour. From a total of approximately 1700 
plants which furnished data to the Board, ten reported a 
total shut down in April and 150 others were working less 
than normal hours per week. 

Average hourly earnings of all wage earners dropped 
very slightly from 56.1 cents in March, to 56.0 cents in 
April. Fifteen industries reported decreases, in seven 
there were increases and one showed no change. 

Average weeking earnings of all wage earners declined 
from $26.89 in March to $26.67 in April. In sixteen in- 
dustries weekly earnings decreased, in six they increased 
and in one there was no change. 

An upward movement is noticeable in “real” earnings, 
or the purchasing value of money earnings, due to the 
sharp drop in the cost of living index number between 
March and April. The index number of “real” hourly 
earnings advanced to 142, and the “real” weekly earnings 
of the wage earners employed in April stood 32 per cent 
higher than in July, 1914. 
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EDITORIAL COMMENT 








Automatic Combustion Control Should 
Be Studied Without Prejudice 


Although considerable progress has been made in 
applying mechanical methods to the control of combustion, 
every indication points to the fact that this rather baffling 
problem is far from its ultimate solution. 

Two main reasons may be cited for the comparatively 
slow progress which has been made in this field. The first 
of these, and one of no small magnitude, is the attitude of 
plant operators, and the second is the lack of considera- 
tion of the problem in its entirety. 

In commenting on the general problems of combustion 
control before a recent section meeting of the A. S. M. E. 


in New York, R. J. 8. Pigott called attention to these two — 


important essentials. 

Two operating viewpoints which tend to destroy the 
performance of any regulation system were pointed out by 
Mr. Pigott. First, the general disbelief that any mechan- 
ical contraption can possibly regulate a fire as well as an 
experienced fireman, and second, expecting the apparatus 
to do things without attention or supervision that do not 
lie in its power. 

Mr. Pigott in his paper, which is abstracted in this 
issue, suggests that the problem of regulation should be 
approached by the station designer much in the same way 
as heat balance is approached. It should, in other words, 
be considered as part of the design and the regulation 
system should function as a completely synchronized group 
of devices and not as a number of independent units. 

There may be many engineers who will not agree with 
all of Mr. Pigott’s conclusions. Naturally that is to be 
expected, in a problem as complex as automatic combus- 
tion control. ‘The points to keep in mind, however, are 
that the attitude of operators can defeat the purpose of the 
control scheme and that all of the fundamentals of com- 
bustion must be understood by the designer of a system. 

Mechanical aids to combustion control, with the atten- 
dant centralization of control, offer one of the most fer- 
tile fields for power plant improvement. It requires fur- 
ther experimentation and application. The power plant 
men of the country can aid in this development by giving 
their whole hearted support and encouragement to it, or, 
on the other hand, the development will be retarded if the 
men in the plants allow prejudices and the “it can’t be 
done” viewpoints to predominate in their consideration 
and use of such control schemes. 


Business Training and Ethics 

Let’s get our. definitions straight first, so that we’ll 
be thinking alike. For business, let’s take the broad 
meaning — production, distribution and selling of raw 
materials and of partly or fully finished articles used by 
mankind. That, then, covers all activities of human beings 
except personal service occupations. Next, as training, 





let’s include all preparation for business—physical, mental 
and moral, whether made before or during one’s active 
business career. In this is exercise, schooling above the 
primary grades, reading, church attendance, in fact, what- 
ever affects physical, mental or moral fitness for business 
activity. In ethics, let’s include all standards of right 
action as to activities in one’s daily work. 

Now we have succeeded in including practically every- 
thing we do except our contact with the family and social 
friends. Maybe it would be well to apply, even in these 
relations, the same care in preparation and standards 
of action that we find wise in business relations. 

In some earlier days, business was regarded as a heart- 
less affair. Compare “let the buyer beware” with the motto 
of a modern commercial establishment, “the customer is 
always right.” Evidently the latter is as unreasonable as 
the former, even if more ethical; but the difference shows 
what a change has come about in standards. Modern 
business, at its best, realizes that its object should be to 
serve—a transaction which benefits both parties, not an 
overreaching of either by the other. 

Buyer and seller should both be better off after a 
trade. Both employer and employe should benefit by their 
partnership in industry. Each should be able to say “I 
have given full value for what I received.” 

Has business as defined above, reached this condition ? 
If not, what is lacking? What preparation do we need 
that the business of the world may be done in accordance 
with these ethical standards? 

Fundamental needs are, obviously, character, which 
ensures right, dependable action; intelligence, including 
practical common sense, which will avoid rainbow chasing 
with all its fine intent and disastrous results; power of 
accomplishment, which includes good judgment, steadfast- 
ness of purpose and endurance under difficult conditions. 
Evidently these are personal attributes which must be 
developed in the individuals of a business organization, 
whether farming, manufacturing or merchandising, if they 
are to be a part of the organization policy. 

Executives, including managers of power plant indus- 
tries, must be leaders in their organizations, if they are 
to succeed. Largely it is a part of their job to see that 
those organizations have ethical standards and that train- 
ing of individuals is such as to ensure action according to 
those standards. 

You will wonder why this dissertation in a technical 
journal. First, we believe that our readers are men who 
are eager to do the best they can for themselves and their 
fellows. Second, we have been reading the prospectus of 
Antioch College at Yellow Springs, Ohio, where a course 
for young people who are fitting for business, including 
engineering, is being developed; and the object of that 
course is to train men who will carry into business just 
the fundamentals that we have outlined as essential. We 
have no partisanship for that college but we believe the 
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adoption of its code by everybody engaged in business 
would be a long step toward getting the business of the 
world.on a sound and enduring basis and doing away with 
booms and depressions. 

Here’s the Antioch Business Code, in substance: 
Sound business is service which benefits all parties con- 
cerned. To take profit without contributing to essential 
welfare; to take excessive profit; to debase standards for 
profit; to use methods not inspired by good will and fair 
dealing; these are dishonor. Whenever I make or sell a 
product or render a business service, it must be my best 
possible contribution to human well-being. 


Accident Prevention 

Nowhere is the saying that “a safe workman is the 
best safety device” more true than in the operation of a 
power plant. Surveys extending over a number of years 
in various industries show conclusively that only 25 to 50 
per cent of all industrial accidents can be prevented 
through mechanical means. That is, the safe-guarding of 
machinery and equipment can never completely protect 
the workman and therefore other agencies must be brought 
into play. 

With the above percentages in mind the indictment 
must be made that from 75 to 50 per cent of all accidents 
are due to the ignorance or carelessness of those who are 
injured or their associates. Those injuries which are the 
direct result of ignorance must be charged up against the 
management, for it indicates that proper instruction has 
not been given. This instruction, having been given, how- 
ever, the responsibility rests with the workman. 

Carelessness is as much a frame of mind as it is a 
bodily habit and it has just begun to dawn upon us what 
causes that frame of mind and how it can be changed. 
‘The installation of mechanical devices alone will not effect 
the desired result but their combination with educative 
methods and the bolstering up of morale will result in 
reducing accidents to the minimum. 

Every employe should know that a prequisite to pro- 
motion is not only the thorough understanding and con- 
stant practice of the safety rules pertaining to his own 
job, but also an understanding of the safety rules of the 
job to which he aspires. It is up to the management to 
initiate the safety movement and then insist upon having 
the full cooperation of each employe. 


Engineers as Missionaries 

What is the underlying motive of missionary work? 
For the man or woman who is isolated in far countries, or 
the one who devotes time and energy to the dark spots of 
our own land, the fundamental wish is to help human 
beings to live better and happier lives. Money getting has 
no place in the plans, 

For the engineer, piling up a fortune is usually not 
considered. Service to industry and thus to mankind is 
the impelling motive. More and more this is coming to 
be recognized as the right attitude for all business but for 
engineers who have achieved success it has always been the 
ideal. In fact most men who are ranked as successful have 
striven first of all to be useful and helpful; fame or mate- 
rial welfare has come as an accompaniment of success, not 
because it was the objective aimed at. . 

What excitement or experience that money can buy is 
to be compared to the satisfaction of having helped one 
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or many fellow men to happier living? Too much the 
thought of this country and of the world has dwelt on 
“how can we get more so as to have more to spend?” We 
need to change that and put the emphasis on “how can we 
get the most satisfaction out of life?” 

Engineers are accustomed to dealing with facts and 
facing logical consequences. Their most useful “serving 
men” are how and why. The application now is why has 
the world lost its head in the mad struggle for gain to 
the exclusion of the spirit of helpfulness? And how can 
engineers be of most help in getting the world back to 
sanity ? 

One great educator has said that you can teach facts but 
character is caught from example and association. The 
world has been greatly helped in a material way by the 
facts and methods which engineers have taught it. What 
is needed now is that the world shall catch by association 
and from example the spirit of service which is the founda- 
tion of the engineer’s work. If the engineering profession 
continues, even more aggressively, to put forth its efforts to 
be of service to its fellow men as man to man, as organ- 
ization to organization and as citizens to their government, 
and if engineers advocate helpfulness as against mere get- 
ting as the standard by which success is to be judged, it 


' will be a leaven which in time will permeate the whole 


mass. 

If developments prove that a severe lesson of hardship 
is the only way that the world can be brought to its senses, 
then engineers should be ready to take the lead in rebuild- 
ing industry and business on a basis of rendering the best 
service to mankind. Honesty, sincerity, helpfulness—the 
engineer may well be proud to be a missionary for these 
standards to a world which is beset with corruption, graft, 
intrigue and self seeking. 


The Automatic Station as a Factor 
in Conservation 


In considering the conservation of our natural 
resources, the idea of utilizing the power available in the 
small rivers and streams throughout the country has ap- 
pealed to many engineers. The amount of power available 
at any particular stream may be small but when it is con- 
sidered that there are thousands of possible sites, it is 
easily seen that their development would add materially to 
the nations available power supply. The principal obstacle 
in the way of carrying out this idea has been the expense 
of maintaining a skilled operator at each plant. 

With the advent of the automatic stations, however, 
the aspect of the problem has changed and its solution 
simplified. Such stations, being entirely automatic, do not 
require the constant attendance of an operator, and as a 
consequence the cost of maintenance is such as to permit 
of a fair return on the investment. These small plants, 
ranging in size from say 25 or 50 to a few hundred horse- 
power, therefore have a definite place in the general scheme 
of power development and should receive a considerable 
amount of attention from an engineering standpoint. 

In this issue we describe an installation of 148 kw. 
capacity. Not much of importance when compared with 
Niagara Falls or Muscle Shoals: with respect to size, but 
as a type, it is important, and its development must be 
regarded as another step towards the efficient conservation 
of natural resources. 
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150,000-Kw. Plant for the Tri-Cities 


Main TurBINE Unit To Be BLED at Four Straces, THREE FOR 


Stace Freep WateR HEATING AND ONE FOR AN EVAPORATOR 


IX MILES from the business center of Davenport, 

Iowa, there is being constructed a central station 
which will ultimately be rated at 150,000 kw. The boiler 
pressure will be 400 lb. and steam will be bled from the 
turbine at four stages, three for the purpose of feed water 
heating and one for the use of a make-up feed water 
evaporator. Bled steam will also be tried out for preheat- 
ing the air used for combustion. 

Davenport is one of the Tri-Cities, Rock Island and 
Moline being the other two, the two last named cities being 
located on the Illinois side of the Mississippi River. .The 
new station will be located on the river and directly 
opposite the business district of Moline. A number of 
factors influenced the selection of this site. It is closer 
to the load center than is any other available site. The 


new plant as located will be on the Clinton, Davenport and 
Muscatine Ry. which is an interurban system operated by 
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the United Light and Power Co., which owns and operates 
the new station. 

Location of the station on this interurban line gives a 
further advantage in that the railway company participates 
in a division of freight rates. On the site selected, the 
rock is close to the grade line, entirely eliminating the 
necessity for costly foundations. A gradual slope. exists 
in the rock which eliminates expensive excavation for 
condenser water intake and discharge. 


No Trouste EXPECTED FROM SILT 


This site is also particularly free from ice jams in the 
winter time and there is practically no deposit of silt at 
this point, the rock for a considerable distance on either 
side of the site being entirely free of silt. Grades are such 
that it will be possible to bring standard gage railroad cars 
into the basement for removing ash, as is shown by the 
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cross section of the plant. This new station is being built 
on a site which contains 100 acres, thus assuring a plant 
expansion to meet any possible growth of the community. 


Many interesting details of design and arrangement 
will be noted by a study of the cross section of this plant. 
The screen houses are separate from the main station and 
are located at the efd of a wing dam so that the con- 
denser discharge will be on the down stream side of the 
dam and the intake above the dam. The turbines are being 
set lengthwise of the generator room. A 100-T. Whiting 
crane will travel the full length of the generating room, 
which is arranged with open spaces in the floor so that this 
crane can also handle heavy parts on the floor below. 

Located between the boiler and generator rooms is a 
long but comparatively narrow part of the building which 
is subdivided into five elevations. In the basement, or at 
the lowest elevation, will be located the feed pumps. 
Directly above, at the second elevation, will be located the 
vacuum type evaporator. On the third elevation will be 
located the 1500-kw. house turbine and some auxiliary 
equipment. This space at the third level will be equipped 
with a 35-T. electric traveling crane. The space at the 
fourth level is designated as a stock room and above that, 
at the fifth level, will be found a locker room for the 
employes. 

Forced draft fans are to be located in the basement of 
the boiler room. They will discharge into a common duct 
which leads both ways to the boilers which are to be set on 
both sides of a central firing aisle. 


Water Storage TANK AxBove Roor 


Each boiler is rated at 1044 hp. and will be fired by an 
under-feed stoker. Superheaters and economizers are to be 
provided. Coal is to be stored in a suspended bunker which 
will be located over the main firing aisle. The capacity of 
this bunker is estimated at 14 T. per lineal foot. Coal 
distribution to the stoker hoppers is to be effected by means 
of a 10-T. weighing larry. A 15,000-gal. water storage 
tank will be placed above the coal bunker. Lach boiler 
is to be served by an induced draft fan and a separate steel 
stack. 

This being a plant of only moderate size, it was not 
desirable to select steam and other conditions or equipment 
which might necessitate substantial changes. Steam pres- 
sure will be 400 Ib. at the throttle, with a temperature of 
practically 700 deg. F. over a wide range of boiler rating. 
A combination of radiant and convection superheater was 
chosen to maintain a temperature curve as flat as possible. 
Inasmuch as but one unit will be operated for some time, 
it will be necessary to follow the load curve and vary boiler 
ratings, rather than change the number of boilers in 
service. 

All auxiliaries are motor-driven, . feed water being 
leated by means of stage heaters, extracting at four points, 
‘ogether with high-pressure economizer. The use of stage 
‘eaters beyond an economizer is perhaps rather unusual, 
vut well warranted from the.economic standpoint. Instead 

f using an air heater beyond the economizers, the air to 
‘he stokers will be preheated by bleeding the turbine. Only 
one pre-heater is being installed and the others will be 
‘nstalled if tests prove that they are warranted. A greater 
ratio of economizer surface than that selected, which is 65 
per cent, would possibly have been justified. It was 
decided, however, to err on the side of putting in too little 
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FIG. 2. ECONOMY CURVES FOR THE MAIN GENERATING UNIT 


rather than too much economizer surface, as a decreasing 
rather than an increasing coal price is anticipated. 

Boilers are being encased in such a way as to form air 
ducts, these ducts leading to the fan intakes. All of the 
auxiliaries are normally to be operated off the main bus, 
giving a maximum opportunity to bleed steam for feed 
water heating. The house service turbine will be connected 
to the main bus through reverse current relays, the gen- 
erator operating as a synchronous condenser and the tur- . 
bine operating at full speed. It is arranged so as to 
operate without requiring steam for cooling. 

Study was made of the comparative efficiencies of 
variable speed alternating current motors, direct current 
motors and two separate motors of different speeds for 
driving the induced and forced draft fans. Each induced 
draft fan is to be equipped with one 165 hp. and one 40-hp. 
slip-ring induction motor and each forced draft fan with 
one 100-hp. and one 25-hp. slip-ring induction motor. 
The boilers will normally be operated at a rating which will 
load the small motor on each of these fans to just about 
its rating, so that the efficiency will actually be higher than 
with either of the other arrangements and the cost. is 
approximately $10,000 less. 
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This plant will be operated in parallel with the station 
located in the center of Moline, Ill, on the opposite side 
of the river, with which plant it will be connected by two 
66,000-v. transmission lines carried on steel towers. There 
are to be two 15,000-v. step-up transformers at the station 
and two 15,000-v. step-down transformers at the Moline 
station. Owing to the lower efficiency, the Moline plant 
will carry the wattless energy of the system. This had 
considerable bearing on the selection of the 100 per cent 
power factor generator. 


SwitcH House Is SEPARATE BUILDING 

The switch house is to be on the boiler room side of 
the building and separated from the main plant proper. 
In it are to be located the 13-000-v. bus structure and the 
main control board. The switch house will have a similar 
relation to the boiler room that the screen -house has to 
the turbine room, except that it will be a two-story struc- 
ture. It will be connected with the boiler room by a 
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bridge, similar to the one connecting with the screen 
house. 

Equipment being installed at the present time con- 
sists of a 25,000-kv.a. Westinghouse turbo-generator, 
designed for 400 lb. operating pressure, 250 deg. F. super- 
heat, 13,200 v., 3-phase and with a 250-v. direct connected 
exciter. The surface condenser is rated at 30,000 sq. ft. 
and is of the two pass type, with 1-in. tubes. It was manu- 
factured by the Wheeler Condenser and Engineering Co. 
Two 16,000 gal. circulating pumps, two 600-gal. hot well 
pumps and two rado-jet air pumps are also provided. 

Four Heine boilers, straight tube type, are each rated 
at 1044 hp. and are designed for 440 lb. pressure. Foster 
combination convection and radiant heat superheaters are 
designed to superheat 60,000 lb. of dry steam per hr., 250 
deg. F. 

Taylor stokers are of the ten retort type and are to be 
operated hydraulically. Economizers are of the steel tube 
type and were furnished by the Power Specialty Co. Stage 
heaters and evaporators were built by Griscom-Russell and 
the induced and forced draft fans were furnished by the 
Green Fuel Economizer Co. 

Two Allis-Chalmers, seven stage boiler feed pumps are 
to be provided. “One will be rated at 500 gal. per min. 
and is to be driven by a Kerr turbine, while the other is 
to be motor driven and will be rated at 300 gal. per min. 
The Brownhoist coal handling equipment is designed for 
300 T. per hr. 
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One 1500-kw. Westinghouse turbo-generator will be 
provided as a house turbine unit. It is designed for 480 v., 
3-phase and 60 cycles. This unit is non-condensing and 
in normal operation will receive no steam, operating as a 
synchronous condenser. In case of a disturbance of the 
main bus, the house-service transformer will be discon- 
nected by reverse power relays and the house-service tur- 
bine will then pick up the station auxiliary load. 

Design and construction of the entire station, including 
the building, is being carried on by the engineering depart- 
ment of the United Light and Railways Co. 


Klydonograph Records Voltage 


Surges on Transmission Lines 
LTHOUGH it has a rather formidable name, the Kly- 
donograph, an instrument recently developed by J. F. 
Peters, of the Westinghouse Electric & Mfg. Co., is a 
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FIG. 1. SIMPLEST FORM OF THE KLYDONOGRAPH 
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FIG, 2. METHOD OF CONNECTING KLYDONOGRAPH TO THE 
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simple device for recording abnormal voltages on trans- 
mission lines. With this instrument, a graphic record of 
voltage surges of extremely short duration can be obtained, 





FIG. 3, TEMPORARY SET-UP USED FOR SHORT CIRCUIT TESTS 
OF A 22,000-v. SYSTEM 


giving their polarity, magnitude, steepness of application, 
etc. 
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burg is used in the new instrument. Dr. Lichtenburg 
found that, if he discharged a condenser, such as a Ley- 
den jar, across a spark gap onto a terminal in contact 
with an insulating plate placed between this terminal and 
a ground plate, and then removed the terminal and 
sprinkled powder on the plate the powder would arrange 
itself in a figure that had a very peculiar appearance. In 
1888, J. Brown and E. Trouvelot found that with the 
insulation plate replaced by a sensitized photographic 
plate, the emulsion in contact with the terminal, figures 
similar to those of Lichtenburg were created and appeared 
upon development. 

In its simplest form the Klydonograph looks like the 
diagram shown as Fig. 1. The photographic plate, of 
course, must be in a dark box. If a voltage is impressed 
between the terminal and the ground plate, as at E, on 
developing the photographic plate, figures will appear that 
will give pertinent information concerning the nature of 





Fig. 4. AT THE LEFT IS A PHOTOGRAPH OF A POSITIVE 
SURGE WITH AN ABRUPT FRONT AND AT RIGHT A 
NEGATIVE SURGE WITH ABRUPT FRONT 





the voltage impressed. If, for instance, the voltage is in 
the form of a surge that is unidirectional, with a sheer 
front or a tapered front, the figure of the photographic 
plate will differentiate between the tapered front and the 
abrupt front and it will also indicate whether the surge 
was of positive or negative polarity. The diameters of the 
figures also give a measure of the magnitude of the surges 
although the positive and negative figures have quite dif- 
ferent calibrations, the figure for the positive surge being 
considerably larger than that for the negative surge of the 
same magnitude. 

For practical application, the instrument is made con- 
tinuously operative and is capable of recording the exact 
time of the occurence of the disturbance. The instrument 
makes use of a 10 and 12-in. plate in a special plate holder 
and the moving parts are driven by a clock that makes one 
complete revolution in 24 hr. Figure 2 shows a method 
of connecting the Klydonograph to the line. Since this 
instrument is practically a zero current device, it is pos- 
sible to connect it to the line electrostatically. This makes 
it possible to connect to a high voltage line without intro- 
ducing an insulation hazard. With the Klydonograph 
connected as shown in this figure, the figures produced 
give the magnitude and polarity of the-surges. 





SToNE AND WessTER, INc., have been awarded the con- 
tract at approximately $1,250,000 for the construction of a 
steam power plant on Terminal Island for the Southern 
California Edison Co. The structure will be of reinforced 
concrete with ground dimensions of 270 ft. square. 
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Electrically Heated Platinum 
Tubes Used in CO, Recorder 


N THE development of a new CO recorder by the 
Uehling Instrument Co., of Paterson, N. J., a novel 
scheme is employed to secure the motive power for actuat- 
ing the recorder by burning the combustible in electrically 
heated platinum tubes. A and B are the platinum tubes 
of small bore, through which the gas sample flows con- 
tinuously. The gas enters through the inlet opening, E, 
thence into the platinum tube, A. If CO or any 
other combustible gas is present, it burns within the heated 
tube, A, and increases the tube’s temperature more or less, 
depending upon the amount of combustible present. Then 
the burnt-out gas flows through the platinum tube, B, and 
out of the latter under a fixed suction. As tube A becomes 
hotter, the gas flowing through it expands and conse- 
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VACCUM IN CHAMBER C CAUSED BY BURNING OF CO IN TUBE 
A ACTUATES RECORDER 






quently less gas enters chamber C. The outlet suction 
does not vary, hence a decreasing flow of gas through tube 
A results in a greater partial vacuum in chamber C. Thus 
the varying suction in chamber C becomes a measure of 
the heat units in the gas and by connecting chamber C 
with a recording gage, R, by means of tubing, D, the 
quantity of combustible can be recorded any distance away. 
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Calibration is in percentage of CO, although if hydro- 
carbons or hydrogen are present, they will also be recorded 
in terms of CO of equivalent heat value. It is also feasible 
to calibrate the instrument in B.t.u. per cu. ft. of gas. 
An auxiliary indicator, I, is also of value for mounting 
on the boiler front to serve as the fireman’s guide. A 
leak is provided at L which dilutes the gas with air by a 
definite small amount so as to insure sufficient oxygen at 
all times to complete combustion in tube A. 

Either direct or alternating current may be employed, 
the current consumption being about 40 w. The diagram 
shows the machine operating on a storage battery, J, with 
a rheostat, F, in series. Even severe voltage variations 
have no effect on the accuracy of the instrument because 
both tubes are heated or cooled to the same degree by such 
changes and it is only a difference of temperature between 
the two that affects the suction in chamber C. Rheostat 
G, in shunt with platinum tube B, provides a means for 
raising or lowering the temperature of tube B a few 
degrees, which is a simple way of making any slight 
adjustment required in the initial setting. 

When the CO recorder is used with Uehling CO, equip- 
ment, no suction regulator, H, is required as the standard 
regulator of the CO, recorder insures gas flow to and from 
the CO recorder at the proper velocity. When used inde- 
pendently of the Uehling CO, recorder, however, it is 
necessary to employ a suction regulator, H, which is 
simple but effective. 

Tube M, which is open to the air, extends into the 
water almost to the bottom of the vessel. Exactly 6 in. 
above its lower end is the bottom of pipe O. Part of the 
gas entering the instrument is bypassed through pipe O, 
bubbling up through the water in H and escaping through 
pipe N. 

This pipe communicates with an aspirator or main suc- 
tion through needle valve K. The rate of flow depends 
upon the setting of K, which does not have to be exact, 
as long as it is open sufficiently to cause air to bubble 
from the end of pipe M and gas to bubble from the end 
of pipe O. Under these conditions, pipe M is completely 
filled with air, the water level at its submerged end being 
consequently at atmospheric pressure. 

Correspondingly the bottom of pipe O, which is 6 in. 
above the bottom of pipe M, is under a constant suction 
of 6 in. of water head. This suction is thus maintained 
constant all the way back to the first platinum tube, A, 
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regardless of any change in the tension of the gas on the 
inlet side of the opening E, caused by draft variations or 
otherwise. 

Make-up water may be added weekly through tube M, 
the exact level of the water being immaterial as long as 
tube O is submerged. An arrangement similar to that 
used with standard Uehling CO, recorders, is employed for 
creating the primary fixed suction at S. A steam, air or 
water aspirator, as preferred, can be supplied. 


Pipe Threading Machine Is 
Portable 


A NEW portable pipe threading, cutting-off, and ream- 
ing machine has been brought out by the Williams 
Tool Corporation, Erie, Pa. The principal features are 
that it is portable, demountable, has a self-contained 





DRIVE IS BY MOTOR, BELT OR HAND, AS MAY BE DESIRED 


grinder and three drives, motor, belt and hand, built into 
the machine. A unique feature of the machine is the fact 
that it can be converted into a power unit in 244 min., and 
by using a flexible shaft it will operate hand stocks up to 
and including 8 in. The weight of the machine complete 
with motor and al] standard parts is 520 Ib. 








STEEL GIRDER FOR ONE OF TWO 125-f. ELECTRIC TRAVELING CRANES BUILT BY THE WHITING CORP. FOR THE CRAWFORD 
AVENUE STATION AT CHICAGO. EACH CRANE WILL SPAN 122 FT. 4 IN. AND WILL HAVE A LIFT OF 69 FT. THE WEIGHT 
OF EACH CRANE WILL BE 375 T. 
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For driving the machine a 1-hp. motor is mounted on 
a hinged table in the base and the power is transmitted 
by belt to the flange driving pulley of machine. The 
niachine can be converted to belt drive, by simply removing 
the motor belt and driving directly from a line or counter- 
shaft. Provision is also made for operating machine by 
hand. It is only necessary to shift the gears to neutral 
position when the demountable crank handle can be fitted 


directly to the worm shaft which is direct connected to - 


the spindle through worm and worm wheel with ball thrust 
which operates in oil. It is possible to cut right- or left- 
hand threads on pipe 14 to 2 in. and on bolts from % to 
114 in. inclusive. -The cutting-off capacity covers the 
same sizes of pipe and bolts as listed above. The machine 
will ream the inside and chamfer the outside of pipe, 
inclusive from 14 to 2 in. The longest run thread at one 
chucking is 104% in. 

A special feature of this portable machine is a high 
speed emery wheel which is mounted on the pulley’ shaft 
at the rear of machine and driven direct from the motor. 
The wheel is set at such a height above the floor as to be 
most convenient to the operator. The wheel runs about 
1100 r.p.m. It is 6 in. in diameter with 34-in. face, of a 
proper grade for general grinding purposes. 


News Notes 


Ilowarp E. Murpuy has again joined Stone & Webster, 
Inc., having taken a position as engineer in its Electrical 
Division. Mr. Murphy was for many years connected with 
the Construction Department of this organization, but 
more recently has been associated with the Luminous Unit 
Co., of St. Louis, Mo., as illuminating engineer and later 
as district manager of its Boston and Chicago offices. 

Gross EARNINGS of the Westinghouse Electric & Man- 
ufacturing Co. for the year ending March 31, 1924, 
amounted to $154,412,918, which exceed those of any 
previous year in the history of the company, except the 
year ending March 31, 1919. Value of unfilled orders at 
the close of the fiscal year was $63,738,702, which compares 
with last year’s figures of $61,914,237. 

PRESENT POWER PLANT equipment of the La Junta, 
Colorado, car and locomotive repair shops of the Atchison, 
Topeka & Santa Fe R. R. is inadequate and plans are now 
being considered for increasing the plant rating. At 
present the equipment consists of four 300 hp. and one 
250 hp. hand fired B. & W. boilers and one 375 kv.a. 
Westinghouse turbine. It is expected that one 500 hp. 
Bb. & W. boiler and a 500 ky.a. turbine will be added. The 
plant is also being surveyed to determine whether pul- 
verized coal equipment or stokers will be installed. As 
the present boilers are set quite low it will be necessary to 
raise them if stokers are installed, while on the other hand, 
it bunkers and pulverizers are installed the roof of the 
present boiler house will have to be raised. E. D. C. Miller 
is the chief engineer and H. C. Stevens the chief operating 
engineer. 

Economy Fuse & Manuracturine Co., Chicago, Illi- 
ois, announces the appointment of Morgan P. Ellis as 
general sales manager. Mr. Ellis has been assistant gen- 
cral sales manager for the past 8 yr. 

Cotorapo Furi & Iron Co., Pueblo, Colorado, expects 
io build a new 30,000 kw. power plant which will utilize 
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pulverized coal as fuel. Wilfred Sykes, 6760 Stony Island 
Ave., Chicago, is the consulting engineer. The Gellert 
Engineering Co., of Chicago, is designing a large electrical 
precipitation plant for the same organization. 


Knox Launpry:Co., of Galesburg, Illinois, has in- 
stalled a new plant consisting of two 100 hp. Frost boilers 
equipped with CoKal stokers, and one 50 hp. Frost engine. 


A LICENSE HAS been granted by the Federal Power 
Commission to the Alabama Interstate Power Company, 
for the period terminating June 9, 1973, for a power 
project on the Tallapoosa River, Alabama. The project 
will consist of five developments above the so-called Chero- 
kee Bluffs Unit for which a license has previously been 
issued, all to.consist of concrete masonry dams designed to 
develop heads varying from 18 to 130 ft., and power plants 
having a total installed capacity of about 114,000 hp. The 
dams will create reservoirs of about 640,000 acre ft. total 
storage capacity. 


OFFICIALS OF THE Missouri Power & Light Co., with 
headquarters at Mexico, Mo., have announced that the 
company has entered into agreement to acquire the prop- 
erties of the North Missouri Power Co. The properties, 
principally electric generating stations and transmission 
lines, are located in 50 cities and towns in the north half 
of the state of Missouri. The company’s plants and lines 
were built and developed by Major W. A. J. Bell and 
S. W. Henderson, of Excelsior Springs, Mo., through whom 
the merger is being effected. 


Books and Catalogs 


THe SUPERVISION AND MAINTENANCE OF STEAM- 
Ratstna Puant, by Charles A. Suckan; 342 pages, size 
74 by 984 in., cloth, New York, 1924, price $8.00. 

Many industrial plant managers still regard the power 
plant as a necessary evil rather than as a production de- 
partment in which fuel, water and air are utilized as raw 
materials to make steam of a certain specified quality 
which is in itself a necessary raw material entering into 


-the finished product. Its production, therefore, should be 


given as much consideration and attention as is given the 
remainder of the factory. The final product of this depart- 
ment may not be as tangible as the articles turned out by 
other departments but in many factory processes the cost 
of steam is as great if not greater than that of other mate- 
rials used and should be considered from the same ‘point 
of view. It is to assist the management in the proper 
appreciation of this important department that this book 
has been prepared. The volume consists of two parts, one 
on supervision and the other on maintenance. The first 
considers the operation or functioning of the power unit; 
attention to auxiliary appliances; care of what is called 
the subsidiary plant; the handling of coal, ash and water ; 
and the management of the power plant staff. The second 
section takes up the upkeep of the power unit, overhauling 
the auxiliary plant and repairs to the subsidiary plant. 


INDUSTRIAL OIL ENGINEERING, by John Rome Battle; 
second revised edition, 8 vol., 1141 pages, cloth, Phila- 
delphia, 1923, price $10.00. 

In this, the second revised edition of the handbook, the 
material has been revised and brought up to date. It is a 








reference book of data relating to lubrication and indus- 
trial oils, including tables, general oil information, 
engineering and industrial requirements for the use, pri- 
marily, of oil and lubricating engineers. It includes the 
“Lubricating Engineer’s Handbook,” revised. 

Unfortunately, in the early stages of the development 
of any new branch of engineering, a period must be passed 
through during which the available information on the 
subject and the standards, if they may be called such, of 
practice are indefinite. Industrial oil engineering has 
passed through such a period and is now fairly well defined 
as to the scope of its field and is rapidly standardizing the 
principles of its practice. It is these principles and stand- 
ards that have been set forth in this handbook. It 
covers practically the whole field of oil from the refining 
of the crude to the application for lubrication, heat treat- 
ment and all the various items where the use of oil is a 
factor. 

As is the case with all handbooks, its actual value is 
largely determined by the accessibility of the information 
contained. This is achieved here by the use of a quite 
detailed index covering some 65 pages. 


DEVELOPMENT IN Power Station Desien, by Edwin 
Austin; 271 pages, size 714 by 11 in., cloth, New York, 
1924, price $9.00 net. 

Since the early days when the central station first came 
into being many changes have been made in the design 
of power plants. Apart from the fact that the turbine 
has replaced the reciprocating engine in the great majority 
of stations, all kinds of apparatus, methods and equipment 
have been introduced to promote economy and efficiency ; 
to increase reliability and to improve working conditions 
generally. It is these things that have been considered 
in this book. It is no ancient history; only modern devel- 
opments are discussed. It covers power plant practice, 
particularly in England, but elsewhere as well. 

This volume is the outcome of a series of articles on 
this subject which appeared in “The Engineer” (London) 
during 1921 and 1922. Of the topics treated, the pul- 
verized coal plant, oil burning, low temperature carbon- 
ization, waste heat, air pre-heaters, evaporators, the high 
pressure steam plant, methods of ash handling, protective 
relays and instruments are of particular interest. 


McCorp Raprator & Mra. Co., 2587 East Grand Blvd., 
Detroit, Mich., has just published a booklet, covering class 
BA lubricators, describing the part lubrication plays in 
the dependable operation of heavy machinery, such as 
steam shovels, cranes, dredges, hoisting engines and coal 
and ore handling apparatus, and pointing out that con- 
tinuity of service, reduced maintenance costs and satis- 
factory operation of equipment are due to efficient lubri- 
cation. 

Another recent publication contains illustrations of the 
Class B lubricator adapted to small steam engines, oil 
engines, gasoline engines, air compressors, steam pumps 
and auxiliaries. 


Burra.o Force Co., 490 Broadway, Buffalo, N. Y., in 
their 8-page bullétin, No. 465, analyze the situation in 
the unit heater field and give complete information on the 
type of radiation to use under various conditions. The 
bulletin is illustrated with photos and drawings of installa- 
tions, general design and details of construction. 
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Starrett Too.s are covered in the 1924 edition of a 
352-page catalog just published by The L. S. Starrett Co., 
of Athol, Mass. A wide variety of small tools, such as 
micrometers, vernier calipers, squares, gages, tapes, etc., 
are illustrated and described. 


THREE NEW CATALOGS have been issued by the Link- 
Belt Co., of Chicago, one of which is on portable loaders, 
one on electric hoists and the other on locomotive cranes. 
These catalogs describe the equipment in each case and are 
well illustrated, with application views which give an idea 
of the use of the apparatus under different conditions. 


“How to Orper Brass” is the title of a booklet which 
has recently been published by the Chase Metal Works, 
Waterbury, Conn. The purpose of the booklet is to point 
out what properties in brass are desirable for certain typical 
uses and to tell how to order such material so that the 
manufacturer will understand what is wanted. 


“Arr Fiurers for Compressors and Internal Combus- 
tion Engines” is the subject matter of the bulletin now 
being distributed by the Midwest Air Filters Company, 
100 East 45th St., New York City. Sufficient information 
is given so that it is possible to determine the proper size 
of filter for compressors and engines and the general 
problems of air filtering are discussed. 


Bristor’s Recorpine Gages for pressure-and vacuum 
are described in Catalog No. 1007 which has recently been 
issued by the Bristol Co., of Waterbury, Conn. Details of 
the instruments are illustrated in this bulletin which is 
made up of 84 pages. 


“Scovitt ConpENSER TuBEs” is the title of a new 
booklet now being distributed by the Scovill Manufactur- 
ing Co., of Waterbury, Conn. The various processes used 
in making Admiralty and Muntz condenser tubing are 
described. Specifications for these two types of tubing, 
which cover the manufacture, chemical properties and 
tests, physical properties and tests, permissible variations 
in dimensions and workmanship and finish, are presented. 


ENGBERG GENERATING SETs are described in Catalog 
No. 800, published by Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. Features of the engine sets are 
illustrated and described. 


“MATERIAL Hanpitinc & EquipMENt” is the subject 
of Catalog No. 21-M, issued by The Yale & Towne Manu- 
facturing Co., of Stamford, Conn. This 100-page catalog 
takes up the use of chain blocks, electric hoists, hand 
traveling cranes and industrial trucks. Prices, dimen- 
sional data and details of parts are included with the 
discussions of application. 


U-RE-LITE Hanpsoox is primarily a description of 
the line of U-Re-Lite devices for protecting circuits and 
machines against overload and no-voltage. It is developed, 
however, into a broad discussion of the why and how of 
such protection. Full information is given as to the 
various types of these circuit breakers, their sizes, how 
to install and adjust them and what they will do. The 
book, which is a bound volume of 95 pages, well represents 
The Cutter Co., of Philadelphia, Pa., by whom it is pub- 
lished and from whom it may be obtained by writing them 
at 19th and Hamilton streets. 
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